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FOREWORD 

The  study  reported  herein  was  performed  by  the  U.  S.  Army  Engineer 
Waterways  Experiment  Station  (WES)  as  a  part  of  the  oversill  Mobility  Exer¬ 
cise  A  (MEKA)  program  sponsored  by  the  U.  S.  Army  Materiel  Command  (AMC). 
Most  of  the  funds  for  the  MEL''  program  were  provided  under  Project  No. 
ITO62109AI31,  "Military  Evaluation  of  Geographic  Areas";  however,  final 
analysis  and  report  preparation  were  funded  under  Project  No.  1T062103A046 , 
"Trafficability  and  Mobility  Research,"  Task  02,  "Svirface  Mobility." 

This  study  was  conducted  by  personnel  of  the  Vehicle  Studies  Branch 
under  the  general  supervision  of  ffr.  W.  J.  TurnbiHl,  Techni''al  Assistant 
for  Soils  and  Environmental  Engineering;  Mr.  W.  G.  Shockley,  Caief,  Mobil¬ 
ity  and  Environmental  (NBE)  Division;  S.  J.  Knight,  Assistant  Chief, 

M3cE  Division;  Mr.  A.  A.  Rula,  Chief,  Vehicle  Studies  Branch,  and  Mr.  E.  S. 
Rush,  Chief,  Soil -Vehicle  Studies  Section.  Field  tests  were  conducted  by 
personnel  oT  the  Soil -Vehicle  Studies  Section  und-.r  the  direct  supervision 
of  Mr.  B.  G.  Schreiner.  Messrs.  R.  P.  Smith,  C.  E.  Green,  W.  E.  Willoughby, 
and  S.  M.  Hodge  of  the  Soil -Vehicle  Studies  Section  contributed  to  the  re¬ 
duction  and  analysis  of  test  data.  This  report  and  Appendix  A  were  pre¬ 
pared  by  Mr.  Sclireiner.  Appendix  B  was  written  by  Miss  M.  E.  Smith  and 
Mr.  T.  R.  Patin  of  the  Mobility  Fundamentals  Section,  Mobility  Research 
Branch,  >'/ES.  Appendix  C  v/as  written  by  Mr.  T.  F.  Czako  of  the  Land  Locomo¬ 
tion  Division,  Mobility  Systems  Laboratory,  U.  S.  Army  Tank-Autoiuotlve 
Conmand. 

Inis  is  Report  2  of  a  scries  entitled  "Mobility  Exercise  A  (MEKA) 

Field  lest  irogram."  The  others  are  as  follows:  Report  1,  "Summary";  Re¬ 
port.  j,  "Performarce  of  and  Three  Military  Vehicles  in  Lateral  Obsta¬ 
cles":  Report  4,  "Performance  of  MEXA  and  Three  Military  Vehieles  in 
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Vertical  Obstacles";  and  Report  5j  "Performance  of  MEXA  and  Three  Military 
Vehicles  in  Selected  Natural  Terrains." 

Directors  of  the  WES  during  the  conduct  of  this  study  and  preparation 
of  this  report  were  COL  John  R.  Oswalt,  Jr.,  CE,  COL  Levi  A.  Brown,  CE,  and 
COL  Ernest  D.  Peixotto,  CE.  Technical  Directors  were  Messrs.  J.  B.  Tiffany 
and  R.  Brown. 
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CONVERSION  FACTORS,  BRITISH  TO  METRIC  UNITS  OF  MEASUREMENT 


British  units  of  meas\irement  used  in  this  report 


units  as  follows : 

_ By 

2.54 
0.3048 
0.9144 

1.609344 
6.4516 

2.58999 
0.45359237 
0.070307 
16.0185 

1.609344 
907.185 


can  be  converted  to  metric 
To  Obtain _ 

centimeters 

meters 

meters 

kilometers 

square  centimeters 

square  kilometers 

kilograms 

kilograms  per  square  centimeter 
kilograms  per  cubic  meter 
kilometers  per  hour 
ki lograms 


_ Multiply 

inches 

feet 

yards 

miles  (U.S.  statute) 
square  inches 
square  miles 
pounds 

pounds  per  square  inch 
pounds  per  cubic  foot 
miles  per  hour 
tons  (2000  lb) 
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SUMMARY 


In  the  concept  phase  of  Mobility  Exercise  A  (MEXA)  the  principal  pur¬ 
pose  was  to  design  vehicles  capable  of  operating  in  remote  areas  of  the 
world  where  extremely  soft  soil::  predominate,  and  to  develop  a  program  of 
tests  for  evaluating  the^e  vehicles  in  soft  soils.  As  a  result  of  the  MEXA 
concept  phase,  two  2-l/2-ton  wheeled  and  one  2-l/2-ton  tracked  vehicles 
were  designed.  The  designs  of  the  vehicle  characteristics  were  in  part  de¬ 
rived  from  three  existing  systems  that  provide  for  predicting  vehicle  per¬ 
formance  relative  tvi  soil  strerigth.  These  systems  were  the  U.  S.  Army 
Engineer  Waterways  Experiment  Station  (WES)  soil  trafficability  system,  the 
WES  mobility  numeric  systan,  and  the  Land  Locomotioi  Laboratory  (LLL)  soil 
value  systan. 

After  the  MEXA  vehicles  were  fabricated,  a  field  test  program  was  de¬ 
signed  and  conducted.  A  total  of  328  tests  were  conducted  on  level  clay 
soils  at  two  sites  near  Vicksburg,  Miss.,  and  at  eight  sites  near  Fallon, 
Nev.  The  purpose  of  the  test  program  in  soft  soil  was  to  evaluate  the  per¬ 
formance  of  the  three  MEXA  vehicles  (MEXA  10x10,  MEXA  8bc8,  and  MEXA  track) 
and  three  military  vehicles  (XI^lC^l,  M3^A2  (mod),  and  M113)  on  a  range  of 
soil  strengths.  Further  purposes  of  this  study  were  to  compare  the  per¬ 
formances  of  the  three  MEXA  vehicles  with  those  of  the  three  military  vehi¬ 
cles  and  to  compare  the  measxired  and  predicted  performances  of  the  vehicles, 
using  the  three  prediction  systems  from  which  the  MEXA  vehicles  were  de¬ 
signed.  The  measured  and  predicted  performance  comparisons  are  presented 
in  Appendixes  A,  B,  and  C  of  Volume  II. 

The  principal  resxilts  of  the  I4EXA  field  test  program  in  soft  soil 
were  as  follows: 

a.  Measured  (experimental)  vehicle  cone  indexes  (VCI's)  were  estab¬ 
lished  for  the  six  test  vehicles.  They  were: 


Experimental 


Vehicle 

^^50 

^"'it 

xmUioei 

32 

18 

M35A2  (mod) 

5t 

27 

KII3 

29 

15 

MEXA  10x10 

18 

7 

Km  8x8 

23 

11 

MEXA  track 

21 

7 

Kote:  VCI50  ^  VCI  for  50  passes. 
VCIj^  ■  VCI  for  one  pass 
(tentative). 
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The  MEXA  vehicles  were  superior  to  the  military  vehicles  in  terms 
of  VCIit  and  VCI50. 

The  best  overall  one-pass  criticad.-layer  criteria  determined  from 
field  tests  for  the  six  vehicles  were:  the  0-  to  6- in.  layer  was 
considered  to  be  the  normed.  critical  layer  unless  the  rating  cone 
index  (RCI)  of  the  6-  to  12-in.  layer  was  less  than  that  of  the 
0-  to  6-in.  layer,  in  which  case  the  6-  to  12-in.  layer  was  con¬ 
sidered  to  be  the  critical  layer. 

The  soil  strength  parameter  that  showed  best  overall  correlation 
with  drawbar  pull,  motion  resistance,  speed,  suid  maneuver  results 
was  the  0-  to  6-in.  RCI. 

for  the  soil  strengths  tested,  JffiXA  vehicle  performance  in  terms 
of  optimum  drawbeu*  pull  coefficient  was  superior  to  that  of  the 
military  vehicles,  thus  indicating  a  greater  traction  capacity. 

Towed  motion  resistauice  coefficient  was  generally  less  for  the 
MEXA  wheeled  vehicles  thaui  for  the  military  vehicles.  On  soil 
below  about  4o  RCI  the  MEXA  track  motion  resistance  coefficient 
was  lower  than  that  of  the  military  vehicles.  Above  about  UO  RCI 
the  MEXA  track  motion  resistance  coefficient  was  generadly  greater 
than  that  of  the  M113  and  XM410E1,  but  less  than  that  of  the 
M35A2. 

In  terms  of  speed,  MEXA  vehicles  do  what  they  were  designed  to 
do,  i.e.  perform  better  on  soft  soils  than  militsury  vehicles. 
However,  on  firm  soil  and  on  pavement,  speed  performance  is  less 
than- that  of  the  military  vehicles.  Performance  curves  indicate 
that  the  speeds  of  the  six  test  vehicles  at  their  respective 
VCIj^'s  appear  to  be  about  2.5  mph. 

For  the  range  of  soil  strengths  suid  speeds  tested,  speed  appeared 
to  be  a  more  influential  factor  than  soil  strength  in  affecting 
the  vehicles'  ability  to  make  a  turn.  The  minimum  soil  strength 
required  for  maneuvering  appears  to  be  the  same  as  VCI^^  for  the 
XI-lUlOEl,  M35A2  (mod),  MEXA  8x8,  MEXA  10x10,  and  MEXA  track.  As 
for  Lhe  MII3,  additional  test  data  are  needed  to  determine  the 
minimum  soil  strength  required  for  maneuvering. 
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MOBILITY  EXERCISE  A  {ME3{A)  FIELD  TEST  PROGRAM 
EERFOEMANCE  OF  MU.  AND  THREE  MILITARY  VEHICLES  DI  SOFT  SOIL 

VOLUME  I 

PART  I;  INTRODUCTION 

Background 

1.  In  the  initial  effort  (concept  phase)^  of  the  Mobility  Exercise  A 
(MEXA)  program,  the  principal  specific  purposes  were  to  design  a  number  of 
vehicle  test  beds  that  could  operate  in  remote  areas  of  the  world  where  ex¬ 
tremely  soft  soils  predominate,  and  to  develop  a  progrsun  of  tests  for  eval¬ 
uating  the  performance  of  these  vehicles  in  soft  soil.  As  a  result  of  the 
MEXA  concept  phase,  two  2-1^^-ton:*  wheeled  and  one  2-l/2-ton  tracked  vehi¬ 
cles  were  designed. 

2.  The  designs  of  the  vehicle  characteristics  were  in  part  derived 
from  three  existing  systems  that  provide  for  predicting  vehicle  performance 
relative  to  soil  strength.  The  U.  S.  Army  Engineer  Waterways  Experiment 
Station  (WES)  soil  trafficability  system  was  used  to  determine  the  design 
characteristics  necessary  for  the  vehicles  to  make  50  successive  straight- 
line  passes  on  a  soft  soil.  The  WES  mobility  numeric  system  was  used  to 
design  the  characteristics  required  for  the  wheeled  vehicles  to  make  one 
pass  on  a  soft  soil.  The  Land  Locomotion  Laboratory  (lLL)  soil  value 
system  was  employed  in  determining  characteristics  necessary  for  both  the 
wheeled  and  tracked  vehicles  to  make  one  pass  on  a  soft  soil. 

3.  After  fabrication  of  the  MEXA  vehicles,  shakedown  tests  were  con- 

2 

ducted  in  Febniary  196?.  At  the  same  time,  a  four-phase  MEXA  field  test 

3 

program  was  structured.  The  field  test  program  requirements  were  as 
follows.  Rjase  I  included  the  determination  of  the  speed  performances  of 
the  three  MEXA  vehicles  and  three  militsary  vehicles  on  soils  of  strengths 


*  A  table  of  factors  for  converting  British  units  of  measurement  to  metric 
units  is  presented  on  page  vii. 
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ranging  from  so  soft  as  to  cause  immobilization  to  and  including  a  hard¬ 
surfaced  road.  Phase  II  included  the  establishment  of  essential  soil 
strength-vehicle  performance  relations.  Phase  III  included  the  updating  of 
some  of  the  terrain-vehicle  relations  required  for  a  cross-country  speed 
prediction  model.  Phase  IV  included  an  evaluation  of  the  accuracy  of  the 
updated  oross-coiintry  speed  model  in  predicting  performance  from  data  de¬ 
rived  from  air-photo  interpretation  as  opposed  to  data  obtained  from  field 
measurements .  The  tests  reported  herein  were  conducted  under  the  require¬ 
ments  of  Phases  I  and  II. 


Purpose 

U.  The  general  purpose  of  this  test  program  was  to  evaluate  the  i)er- 
formance  of  the  three  liEIXA  vehicles  and  the  three  military  vehicles  (the 
XMUiOEI,  the  M35A2  (mod),  and  the  M113)  on  a  rsinge  of  soil  strengths.  The 
specific  purposes  of  field  tests  were  to  determine  (a)  the  minimum  soil 
strengths,  in  terms  of  vehicle  cone  index  (VCI),  on  which  the  test  vehicles 
could  make  one  pass  and  50  passes,  (b)  drawbar  pull-soil  strength  relations, 
(c)  towed  motion  resistance-soil  strength  relations,  (d)  maximum  speed- 
soil  strength  relations,  and  (e)  maneuverability-soil  strength  relations. 

It  was  Elso  the  pxirpoce  of  this  study  to  compare  the  performances  of  the 
three  METCA  vehicles  with  those  of  the  three  military  vehicles,  and  to  com¬ 
pare  the  measured  and  the  predicted  performances  of  the  vehicles,  using  the 
vrec  soil  trafficability,  the  WES  mobility  numeric,  and  the  LLL  soil  value 
systems.  The  latter  comparisons  are  presented  in  Appendixes  A,  B,  and  C, 
respectively.  Volume  II. 


Scope 

5.  The  overall  soft  soil  test  program  was  divided  into  preliminary 
and  canprohensive  test  programs.  The  preliminary  program  consisted  of  some 
of  tlie  tests  to  determine  VCI  for  one  pass  and  50  passes.  This  program  was 
conducted  from  late  April  to  early  September  19^7  at  two  sites  near  Vicks¬ 
burg,  Miss.  The  comprehensive  program  included  the  completion  of  the  VCI 


2 


tests  and  the  rest  of  the  tests  required  to  satisfy  the  pxixpose  of  the 
study.  Tests  we'^e  conducted  at  eight  sites  near  Fallon,  Wev.,  from  early 
October  to  early  November  19^7  and  from  mid-May  to  early  June  1968.  Tests 
were  also  conducted  at  one  site  near  Vicksburg  during  September  1968. 
Testing  was  limited  to  sites  containing  clay  soil  with  relatively  smooth 
surfaces.  Types  of  tests,  vehicles  tested,  and  number  of  tests  conducted 
are  given  in  the  following  tabiolation. 


No.  of  Tests  Conducted  with  Each  Vehicle 


Type  of  Test 

MEXA 

10x10 

MEXA 

8x8 

MEXA 

Track 

xm4ioei 

M35A2 

(mod) 

MII3 

Total 

VCI 

18 

l4 

13 

12 

14 

15 

86 

Drawbar  p\ill 

17 

10 

14 

7 

6 

9 

63 

Towed  motion 
resistance 

7 

6 

7 

5 

4 

5 

34 

Speed 

8 

12 

7 

5 

6 

6 

44 

Maneuver 

20 

16 

21 

20 

8 

16 

101 

Total 

70 

58 

62 

49 

38 

51 

328 

Soil  measurements  and  vehicle  performance  data  collected  during  the  field  ' 
test  program  were  tabulated  and  analyzed.  Analyses  of  data  presented 
herein  included  the  development  of  the  soil-vehicle  relations  outlined  in 
the  preceding  paragraph. 


Definitions 

6.  Certain  special  terms  used  in  this  report  are  defined  below. 

Soil  terms 

Unified  Soil  Classification  System  (USCS).^  A  soil  classification 
system  based  on  identification  of  soils  according  to  their  textural  and 
plastic  qualities  and  on  their  grouping  with  respect  to  engineering 
behavior. 

Critical  layer.  The  layer  of  soil  that  is  most  pertinent  to  estab¬ 
lishing  relations  between  soil  strength  and  vehicle  performance.  For  50- 
pass  performance  in  fine-grained  soils  and  sands  v;ith  fines,  poorly  drained, 
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it  is  usually  the  6-  to  12-in.  layer;  however,  it  may  vary  with  weight  of 
veliicle  and  with  soil  strength  profile.  For  one-pass  performance,  it  is 
usually  some  shallower  layer. 

Soil  strength  terms 

Cone  index  (Cl).  An  index  of  the  shearing  resistance  of  a  medium  ob¬ 
tained  with  a  cone  penetrometer  (shown  in  fig.  l).  The  value  represents 
the  resistance  of  the  medium  to  penetration  of  a  30-deg  cone  of  0.5-sq-in. 
base  or  projected  area.  The  number,  although  usually  considered  dimension¬ 
less  in  traff inability  studies,  actually  denotes 
pounds  of  force  on  the  handle  divided  by  the  area  of 
the  cone  base  in  square  inches. 

Remolding  index  (Rl).  A  ratio  that  expresses 
f  the  proportion  of  original  strength  of  a  medium  that 

y  will  remain  under  a  moving  vehicle.  The  ratio  is  de- 

termined  from  conc'  index  measurements  made  before  and 
after  remolding  a  6-in. -long  sample  using  the  equip- 
I'  raent  shown  in  fig,  2.  The  test  sample  is  obtained 

|i  with  a  traff inability  sampler  (shown  in  fig.  3). 

I{  Rating  cone  index  (RCI).  The  product  of  the 

I  measured  Cl  and  tiie  RI  of  the  same  layer. 

Shear  stress.  The  greatest  shear  stress  re¬ 
corded  when  torque  is  applied  to  the  sheargraph  head 
during  initial  soil  failure  for  a  particular  normal 
stress  maintained  on  the  sheargraph  handle.  (The 
sheargraph,  shov.Ti  in  fig.  4,  is  a  hand-operated  in- 
I  struraent  utilizing  a  coiled  spring  for  measuring 

torque  and  load.) 

Vehicle  terms 

Imn^obilization .  The  inability  of  a  self- 

f!  ro;ielled  vehicle  to  move  forward  or  backward. 

A-  ■  <\ 

Pass.  One  trip  of  the  vehicle  over  a  test 


com’se. 


Ft'.  1.  Cone 
penetron<'ter 


’•?ultiplc  passes.  More  than  one  pass  of  the  ve¬ 
liicle  in  the  same  path  over  the  test  course. 
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LOCKING 

HANDLE 


SPACER  BARS' 


Fig.  2.  Ranolding  equipoent 


Fig.  3.  Trafficability 
sEunpler 


— VANE  head 
(DOES  NOT  SHOW 


Cohron  sheeurgraph 


Mobility  index  (Ml).  A  dimensionless  number  that  results  from  a  eon- 
sidoration  of  certain  vehicle  characteristics  (see  Appendix  A,  Addendum  Al, 
for  formulas ) . 

Vehicle  cone  index  (VCT).  The  minimum  rating  eone  index  (RCT)  that 
will  permit  a  vehicle  to  complete  a  specified  number  of  passes,  usually  one 
pass  and  bO  passes. 

VCIt^Q  measured.  An  experimental  determination  of  the  minimum  RCI  of 
the  critical  layer  required  for  a  vehicle  to  eomplete  50  passes.  The  crit¬ 
ical  layer  for  most  vehicles  is  usually  the  6-  to  12-in.  layer  below  the 
surface . 


VGI^(50)  measured.  An  experimental  determination  of  the  minimum  RCI 
of  the  critical  layer  required  for  a  vehicle  to  complete  one  pass.  The 
critical  layer  is  the  same  as  that  for  VCI^q,  i.e.  usually  the  6-  to  12-in. 
layer . 

VCI^^  measured  (tentative).  An  experimental  determination  of  the  min 
imum  RCI  of  the  critical  layer  required  for  a  vehicle  to  complete  one  ptss. 
The  critical  layer  for  most  vehicles  is  usually  the  0-  to  6-in.  layer. 

Maximum  drawbar  pull  (maximum  towing  force).  The  maximum  amotint  of 
sustained  towing  force  a  self-propelled  vehicle  can  produee  at  its  drawbar 
under  given  test  conditions. 

Optfonum  drawbar  pull.  The  towing  force  that  a  vehicle  produces  at 
its  maximum  'work  output. 

Work  outuut  in<iex. 


V/ork  output  index 


ira-wbar  pull  distance  vehicle  traveled 

»  ■  ■  <1  ■  ■■  —  ^  ■  ■  ■■■  ■  I  ■■  ■  ■  ■  ■■ 

vehicle  weight  distance  wheel  or  track  traveled 


Towed  motion  resistance,  Tlic  force  reqvdred  to  tow  a  given  vehicle 
in  neutr'xl  gear  under  given  test  conditions. 

Ac]..'rmfin  stecriii;^  Hn/.;le.  The  acute  angle  between  the  left  front 
wb.  '-^'I  and  tlio  longitudinal  axis  of  the  v'^hielc. 

Articulated  steering  angle.  T!;e  acute  angle  between  the  longitudinal 
a-;e.-.  of  f.iio  front  and  rear  vehicle  urdts. 

Uip.  Ihe  pore  'ntage  of  track  or  wht'oi  movement  ineffeetive  in  ad- 
vanci’!,'  a  voidelc  forward. 


PART  II:  FIELD  TEST  PROGRAM 


Test  Vehicles 


7.  The  wheeled  military-  vehicles  tested  were  the  XM4iOE1  and  the 
M35A2  (mod)  and  the  tracked  vehicle  was  the  M113  (see  fig.  5).  The  MEXA 


Fig.  5.  Military  vehicles  used  in  tost  rTorr:»m 
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vehicles  tested  were  the  MEDCA  lOxlO  and  MEXA  8x8  (both  wheeled)  and  the 
MEXA  track  (see  fig.  6).  The  modifications  to  the  M35A2  consisted  of 
changing  the  tires  to  11:00x20  NDCC  and  changing  from  dual  rear  wheels  to 
single  rear  wheels .  Pertinent  data  for  the  six  vehicles  are  given  in 


a.  MEXA  10x10 


b.  MEXA  8x8 


used  in  test  program 


table  1.  A  more  detailed  list  of  vehicle  characteristics  is  given  in  Re- 

5 

port  1  of  this  series. 

8.  As  stated  previously  a  preliminary  test  program  was  conducted. 

The  purpose  of  this  program  was  to  shake  down  the  MEXA  vehicles  and  to  ob¬ 
tain  a  quick  evaluation  of  their  VCI’s  and  those  of  the  M113  and  the 
XM410E1.  These  preliminary  tests  included  29  tests  at  the  WES  reservation 
and  5  tests  with  the  XM4iOE1  at  Chotard  Lake.  For  these  tests  only,  ap¬ 
proximate  cross-country  payloads  were  placed  on  the  XM4iOE1  and  M113  and 
the  tires  of  the  XM4iOE1  were  inflated  to  reconanended  cross-country  infla¬ 
tion  pressure.  After  completion  of  the  preliminary  tests,  adjustments  were 
made  to  certain  vehicle  characteristics  to  satisfy  the  requirements  of  the 
comprehensive  test  program  as  follows,  (a)  The  vehicles'  payloads  were  ad¬ 
justed  to  that  specified  for  cross-country  or  combat  operation.  The  pay- 
load  of  the  XM4iOE1  was  reduced  from  7000  to  5000  lb  and  the  payload  of  the 
M113  was  reduced  from  5600  to  4000  lb.  (b)  Inflation  pressure  for  each 
tire  was  adjusted  to  yield  25  percent  deflection  for  the  XI<l4lOEl  and  f«C5A2 
(mod)  and  20  percent  deflection  for  the  MEXA  20x10  and  8x8.  (The  changes 
in  weight  and  tire  pressure  were  taken  into  consideration  in  the  Einalyses 
of  VCI  tests. ) 

Selection,  Location,  and  Description  of  Test  Sites 

9.  Primary  requirements  in  the  selection  of  the  test  sites  were  that 
the  sites  (a)  be  of  the  same  general  soil  type  (cl6U’)>  (t>)  be  large  enough 
to  acconmodate  several  tests,  and  (c)  consist  of  soil  having  the  range  of 
strength  necessary  to  evaluate  the  performance  of  the  test  vehicles.  Also, 
the  estimated  cost  of  testing  at  a  site  had  to  be  compatible  with  the  funds 
available.  Several  areas  were  considered.  Those  areas  were  reconnoitered 
and  after  an  evaluation  of  the  reconnaissance  information,  sites  that  best 
met  the  test  requirements  were  selected.  It  will  be  recalled  that  the 
final  selections  were  two  sites  at  Vicksbxirg,  Miss.,  and  eight  near  Fallon, 
Nev. 

Vicksburg  sites 

10.  WES  Reservation.  This  site  is  adjacent  to  a  small  upland  stream 
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(B  stream)  that  flows 
throxigh  the  WES  Reserva¬ 
tion  (figs.  7  and  8).  The 
site  was  a  soft,  rela¬ 
tively  level,  recent  hy¬ 
draulic  fill  that  varied 
from  3  to  6  ft  in  depth; 
the  material  for  the  fill 
had  been  pumped  from  the 
nearby  WES  lake.  The  fill 
soil  classified  as  fat 
clay  (CH)  in  the  0-  to  6- 
in.  layer  and  as  lean  clay 
(cl)  in  the  6-  to  l8-in. 
layer  according  to  the 
uses  (fig.  9).  Most  of 
the  vegetation  (tall  weeds) 
was  removed  before  testing. 

11.  Chotard  Lake. 
This  test  site  is  on  the 
south  bank  of  Chotard  Lake 

Fig.  7.  Location  of  WES  Reservation  test  site  approximately  l8  miles 

northwest  of  Vicksburg 

(fig.  lO).  The  water  level  of  the  lake  rises  and  falls  with  that  of  the 
Mis3is3ij)pi  River,  which  feeds  the  lake.  At  the  time  of  testing  the  river 
was  low,  and  a  flat  expanse  of  lakeshoro  was  exposed  and  accessible.  Tlie 
siiorelino  for  a  distance  of  about  HOO  ft  from  tlie  lake  was  practically  de¬ 
void  of  vct:etation.  Inland  from  tnis  open  area  was  an  area  that  extended 
for  about  ■!00  yd  on  which  willow  trees  with  trunk  diameters  ranging  from 
'  to  10  in.  w-  re  growing.  Views  of  the  site  are  shown  in  fig.  11.  Tests 
were  ooisductcd  in  both  the  open  !Uid  wooded  areas.  The  soil  to  a  depth  of 
18  in.  was  classified  as  fat  clay  (C!!),  according  to  the  UdCS  (fig.  12). 
Ftilloi!  sit’*: 

12.  Parson  .link.  Carson  Sinl:  is  a  large,  flat,  barren  playa. 
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10.  Location 


Chotard  Lake  test  site 


Pig.  13.  Location  of 
Carson  Sink  test  sites 


covering  about  UOO  square  miles.  It  is  located  abou  20  miles  northeast  of 
Fallon  (see  fig.  13).  Carson  Sink  serves  from  time  to  time  as  a  sump  for 
water  diverted  from  the  Carson  River  to  relieve  flooding  of  adjacent  farm¬ 
lands  and  of  nearby  Fallon  National  Wildlife  Refuge.  At  the  time  of  test¬ 
ing,  most  of  the  ground  at  Carson  Sink  was  firm  and  free  of  surface  water. 
After  a  thoroxigh  investigation  of  the  playa,  four  sites  (see  fig.  l4),  each 
having  a  different  soil  strength,  were  established  and  tested.  The  soil  of 
sites  2,  3>  and  4  classified  as  lean  clay  (CL)  in  the  0-  to  5-in.  layer 
and  as  fat  clay  (Cli)  in  the  5-  to  l8-in.  layer.  The  soil  of  site  5  clas¬ 
sified  as  a  fat  clay  (Cll)  in  the  0-  to  l8-in.  layer.  (Classifications  were 
in  accordance  with  the  USC3.)  Soil  gradation  curves  representative  of  the 
test  sites  at  Carson  Sink  are  shown  in  fig.  15. 

13.  Four  Itile  Flat.  Four  Mile  Flat  is  a  barren  rlo.ya  about  20 
square  miles  in  area.  Lt  is  about  20  miles  southeast  of  Fallon  (see  fig. 
16).  Ihe  western  I'.alf  of  the  playa  was  firm  and  at  the  time  of  testing 
was  crisscrossed  by  numerous  drainageway?  that  were  3  to  6  ft  deep.  In 
the  western  half,  one  site  (site  9)  was  established  on  a  flat  between  two 
drainagevrays .  Between  the  western  half  (alkali  flat)  and  the  eastern  lialf 
(dry  lake)  of  the  playa,  a  relatively  sharp  drop  in  elevation  (about  8  ft) 
occius.  Th.o  '’astern  half  servos  as  a  sump  for  rainwater  draining  from  the 
Salt  Wells  Basin  ajid  the  surrounding  mountains.  Three  test  sites  (6,  7, 
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Carson  Sink  test  sites  2-5 
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Fig.  15-  Soil  gradation  curves  and  classification  data, 
Carson  Sink  test  sites 


Fig.  16.  Location  of 
Four  Mile  Flat  test 
sites 


and  8),  each  of  different  soil  strength,  were  established  in  the  eastern 
half  of  the  playa.  At  the  time  of  testing,  the  sites  were  generally  flat, 
soft,  and  free  of  surface  water.  The  soil  classified  as  a  fat  clay  (CIl)  in 
the  0-  to  l8-in.  layer.  There  was  a  hardpan  composed  of  sand  and  salt  at  a 
depth  of  26  to  30  in.  that  was  too  firm  to  penetrate  with  a  hand  probe. 
Views  of  the  sites  are  shown  in  fig.  17.  A  soil  gradation  curve  that  is 
representative  of  the  sites  is  shovm  in  fig.  18. 
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Tt.'ot  Procedutajr,  ani  Data  Collected 


.  Lon 

■jfv  t,‘"  :'i‘ic  be!;Tm,  a  lOO-ft-lony  test  lan^.  war  staked  out  and 
t'a-^  .mI!.  ..-a.'  .T''’i,''ii re  i  (•'■ace. '’ally  ’-t  the  .ruri'ace  and  at  3”i-n. 
m-autr  to  deptli  o:‘  1^  in.,  and  -1.1  2'i-  and  30-ln.  depths. 

.-•ntr  .;  •!•<.■  u.-amll;/  T.ah.’  •■■t  LO-Ft  huri xontaL  intervals  alonj' 
yj.'r..-  )!'  th-'  i  rl.^ht  whe-.-ls  or  track.r  cf  th*"'  '.'■•hi"le. 

l.'ari.  !> i  ILsat  ion  was  anticipated  on  the  ■•st  or  rec-ond 
■  ne  ini'-.-;  iLn,^s  were  -ictually  piaie  in  tne  undisturbed 
the  vehie-i-'  at'ter  it  hari  bee.).';;'*  hans.bi  1  i sed . 


Twenty  sets  of  cone  index  readings  usually  were  made  I'or  each  test.  In 
most  tests,  remolding  indexes  were  measured  at  two  locations  beside  the 
test  lane  (generally  at  the  station  where  the  lowest  cone  index  was  re¬ 
corded)  for  the  0-  to  6-in.,  6-  to  12-in.,  and  12-  to  l8-in.  depths.  At 
the  remolding  index  stations,  surface  shear  measurements  were  made  with  the 
sheargraph  vane  and  rubber  shear  heads.  Moisture  content  and  density  sam¬ 
ples  were  taken  from  the  surface  to  a  depth  of  18  in.  at  each  remolding 
index  station.  Representative  bulk  soil  samples  were  obtained  from  the 
surface  to  a  depth  of  l8  in.  for  field  and  laboratory  identification. 

During  and  after  traffic,  cone  index  (at  the  same  horizontal  and  vertical 
intervals  as  those  for  before-traffic  measurements)  and  rut  depths  v/ere 
measured.  Observations  of  the  soil  and  vehicle  behavior  were  recorded 
during  each  oest. 

15.  Self-propelled  tests  were  conducted  to  determine  the  required 
minimum  soil  strength  for  each  test  vehicle  to  c.mplete  one  pass  and  50 
passes.  In  these  tests,  each  vehicle  was  operated  in  its  lowest  gear  at  a 
track  or  wheel  speed  of  approximately  2  mph  (ext^ept  on  maximum  speed 
passes),  and  was  driven  back  and  forth  in  lOO-ft-long  straight-line  test 
lanes  until  it  became  immobilized  or  completed  50  passes. 

Drawbar  pull-slip  and  -speed  tests 

16.  Before  each  drawbar  puli  test,  a  test  lone  large  cnougli  to  ac¬ 
commodate  the  test  was  selected  and  staked,  and  a  sufficient  number  of  cone 
index  measurements  were  made  to  determine  that  the  soil  was  of  the  desired 
strength.  Cone  index,  remolding  index,  and  shear  stress  were  mca.sured,  and 
soil  samples  for  field  and  laboratory  identification  and  moisture  content 
and  density  determinations  were  collected  in  the  same  manner  as  that  for 
the  VCI  tests. 

17.  Drawbar  pull-slip  tests  were  performed  by  attachiu'  a  load  cell 
to  a  70-ft-long  cable  extending  from  the  rear  of  each  test  vcliicle  to  the 
front  of  a  load  vehicle.  After  the  test  vehicle  (operating  in  its  lowest 
gear)  had  readied  optimum  engine  rm  (appi'oximately  2  mph)  the  load  vdiicl e 
driver  increased  the  load  in  several  stages  (by  applyiiy^  tlie  bral-.cs  of  the 
load  vehicle  gradually)  from  "no  load-no  slip"  to  eitlior  "high  I’vi i-t.l.'h 
slip"  or  "power  limited"  condition  (test  veliicle  did  not  have  .sufficient 
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power  to  develop  100  percent  slip) .  At  all  times  the  test  vehicle  driver 
maintained  optimum  engine  rpm.  Measurements  were  made  in  this  manner  until 
a  sufficienc  number  of  load  and  slip  combinations  were  recorded  to  develop 
a  drawbar  pull -si ip  curve. 

18.  Drawbar  pull -speed  tests  were  performed  in  the  same  manner  as 
that  for  drawbar  pull -slip  tests  with  one  exception:  tests  were  performed 
at  mfiximvun  engine  rpm  in  each  gear  necessary  to  develop  the  drawbar  pull- 
speed  performance  of  each  vehicle. 

Towed  motion  resistance  tests 

19.  Towed  motion  resistance  tests  were  conducted  in  conjunction  with 
drawbar  pull  tests.  With  its  engine  running  and  transmission  disengaged, 
each  test  vehicle  was  positioned  so  as  to  straddle  one  of  the  ruts  devel¬ 
oped  during  the  drawbar  pull-slip  test.  The  test  vehicle  was  then  towed  at 
approximately  2  mph  while  a  continuous  record  of  motion  resistance  (towed 
pall)  was  made. 

3])oed  tests 

20.  Before  each  test,  a  test  lane  of  uniform  soil  strength  was  se¬ 
lected  in  the  same  manner  as  that  for  the  drawbar  pull  tests.  Additional 
before-  and  after-traffic  soil  strength  data  were  collected  in  the  same 
manner  as  that  for  the  VCI  tests. 

21.  Each  test  vehicle  began  a  self-propelled,  straight-line  test 
from  a  standstill  (zero  speed)  condition  in  its  lowest  gear  and  at  full 
throttle  and  continued  through  each  gear  until  .maximum  speed  was  reached. 
Then  the  pov;er  train  was  discnga^;ed,  and  the  vehicle  was  allowed  to  roll  to 
a  stop. 

Maivuvor  tests 

22.  I’efore  testing  began,  a  section  of  uniform  soil  streriijth  large 
‘^nou^::;  to  accommodate  tests  at  throe  diff'erent  vehicle  speeds  was  staked 
out.  After  tlio  test  runs  were  completed,  the  following  data  were  collected: 
•!  nlanind  ricr  mai  shov/ir,g  vehicle  position  markers  and  the  path  of  turn 
r-'l'itive  to  ti'.e  approach  lane:  rut  depths;  cone  index  readings  in  the  un- 
iistiu'lcii  •ly.-a  adjacent  to  the  rath  tal-:en  by  the  vehicle;  cone  index  rcad- 
ir -s  in  t;-. '  rijts :  and  sh'^argiviph  roadin,'s,  both  at  the  surface  and  at  the 
do;  t!i  of  tail  .  E<'molding  index  and  moisture  content- density  samples  were 
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collected  in  the  same  manner  as  that  for  the  VCI  tests. 


23.  A  straight-line  approach  lane,  about  300  ft  long,  was  staked  out 
to  establish  a  base  line  for  each  test.  The  test  vehicle  driver  aligned 
the  vehicle  in  the  approach  lane  and  accelerated  to  the  desired  speed. 

Then  a  ground  position  mai-ker  and  data  recorder  were  activated.  When  the 
vehicle  reached  a  predetermined  spot  in  the  approach  lane,  the  driver 
turned  the  vehicle  as  fast  as  he  could  until  the  maximum  steering  angle  was 
reached,  and  at  the  same  time  the  driver  attempted  to  keep  a  constant  vehi¬ 
cle  speed.  After  maintaining  the  maximum  steering  angle  and  near  constarit 
speed  through  an  approximately  l80-deg  turn,  the  driver  shifted  the  power 
train  into  neutral  and  allowed  the  vehicle  to  roll  to  a  stop.  In  addition, 
at  most  test  sites,  a  test  was  conducted  in  which  the  vehicles  were  steered 
into  the  tightest  turn  possible  while  maintaining  a  speed  of  approximately 
1  mph.  The  vehicles  continued  in  this  manner  through  a  360-deg  turn. 
Vehicle  response  measxirements 

24.  Each  test  vehicle  was  instrumented  to  provide  a  continuous  rec¬ 
ord  of  the  desired  response  measurements  during  testing.  These  responses 
were  recorded  by  a  system  that  included  a  36-channel,  direct-print  oscillo¬ 
graph  and  two  4-channel  amplifier  units.  The  system,  together  with  an  al¬ 
ternating  current  power  supialy,  was  installed  on  the  bed  of  each  test  ve¬ 
hicle.  A  detailed  de.'^cription  of  the  instrumentation  system  is  given  in 
Report  1  of  this  series.^  The  following  tabulation  shows  the  type  of  test 
and  the  measurements  used  in  the  a.ialysis. 


Type  of  Test 


Measiurements  Made 


Drawbar  pifLl  Drawbar  pull;  drive-line  torque;  dis¬ 
tance  traveled  by  vehicle;  distance 
traveled  by  wheel  or  ti’ack;  time; 
vehicle  speed 


Towed  motion 
resistance 


Towed  pull:  distance  traveled  by  ve¬ 
hicle;  distance  traveled  by  wheel 
or  track;  time 


Speed  Drive-line  torque;  distance  traveled 

by  vehicle;  distaiice  traveled  by 
wheel  or  track;  steering  angle; 
vehicle  speed;  time 

(Continued) 
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Measurements  Made 


Type  of  Test 
Maneuver 


Drive-line  torque;  distance  traveled 
oy  wheel  or  track;  event  marks  co¬ 
inciding  with  ground  position 
markers;  steering  angle;  time;  ve¬ 
hicle  speed  (these  measurements 
were  excluded  on  360-deg  turn  test, 
see  paragraph  23) 


PART  III:  DATA  ANALYSES 


25.  The  test  data  were  analyzed  to  determine  the  relations  between 
soil  strength  measiu’ements  and  certain  vehicle  performance  parameters.  The 
relations  to  be  determined  were:  (a)  nxmiber  of  passes  completed  by  vehicle 
versus  soil  strength,  from  which  VCI*s  for  one  pass  and  ‘)0  passes  were  de¬ 
termined,  (b)  vehicle  speed  versus  drawbar  pull,  (c)  drawbar  piill  versus 
slip,  (d)  drawbar  pull  versus  soil  strength,  (e)  towed  motion  resistance 
versus  soil  strength,  (f)  vehicle  speed  versus  time  (acceleration  and  de- 
celeratior.) ,  (g)  maximum  speed  versus  soil  strength,  (h)  turning  radius 
versus  speed,  (i)  force  versus  steering  angle,  and  (j)  force  versus  soil 
strength.  The  data  analyses  are  presented  in  the  following  paragraphs,  to¬ 
gether  with  a  discussion  of  the  performance  of  the  MEXA  vehicles '  articu¬ 
lated  steering  and  inching  systems  in  soft  soil. 

VCI  Tests 


26.  Eighty-six  VCI  tests  were  conducted  at  sites  near  Vicksburg, 
Miss.,  and  Fal?.on,  Nev.  A  suznnaiy  of  soil  data  and  test  results  is  given 
in  table  2.  The  relations  developed  from  these  test  results  are  discussed 
in  the  following  paragraphs. 

Determination  of  VCI  for  'jO  passes 

27.  Previous  trafficability  studies  in  fine-grained  soils  have  shown 
that  the  performance  of  most  wheeled  and  tracked  vehicles  in  terms  of  go- 
no  go  for  50  passes  can  he  related  to  soil  strength  in  terms  of  RCI.  The 
RCI  that  is  Just  adequate  to  support  50-pass  traffic  of  a  particular  vehi¬ 
cle  is  designated  as  the  50-pass  vehicle  cone  index  (VCI^^).  Furthermore, 
test  results  have  shown  that  there  is  a  6-in. -thick  soil  layer  whose  RCI 
best  relates  to  vehicle  performance.  This  layer  is  designated  as  the  crit¬ 
ical  layer.  Tlie  depth  of  the  critical  layer  is  dependent  upon  vehicle 
weight  and  the  characteristics  of  the  soil's  RCI  profile.  If  the  critical 
layer  and  the  6-in.  layer  below  the  critical  layer  have  the  same  RCI  or 
show  an  increase  in  RCI  with  depth,  the  strength  profile  is  considered  nor¬ 
mal.  If  the  6-in.  layer  below  the  critical  layer  has  an  RCI  less  then 
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that  of  the  normal  critical  layer,  the  RCI  is  considered  abnormal  and  the 
6- in.  layer  below  the  normal  critical  layer  is  used  as  the  critical  layer. 
The  normal  50-pass  critical  layer  for  the  vehicles  considered  in  this  study 
was  the  6-  to  l2-in.  layer. 

28.  The  RCI  of  the  critical  layer  is  plotted  versus  the  number  of 
passes  completed  by  each  vehicle  in  plate  1.  In  these  plots  a  clear-cut 
separation  of  immobilization  and  nonimmobilization  was  not  always  present. 
Therefore,  the  final  selection  usually  produced  a  measured  (experimental) 
VCI^Q  that  was  slightly  conservative. 

29.  XMhlOEl .  Test  data  are  plotted  in  plate  1,  fig.  a,  for  this  ve¬ 
hicle.  Seven  tests  resulted  in  immobilizations  and  five  tests  resulted  in 
the  completion  of  50  passes.  Fig.  19  shows  test  36  (item  4*)  at  Chotard 
Lake  in  progress.  The  X.M4ioE1  ccanpleted  50  passes  with  ease  in  item  12  on 
an  RCI  of  32.  In  item  9  on  an  RCI  of  26  the  vehicle  had  considerable  dif¬ 
ficulty  during  the  50th  to  54th  passes.  In  item  10  on  an  RCI  of  24  (just 

2  RCI  less  than  item  9)>  the  vehicle  became  immobilized  on  the  17th  pass. 
From  these  tests  the  experimental  VCI^^  was  determined  to  be  a  conservative 
value  of  32. 

30.  It  should  be  noted  that  in  items  1-5  (the  preliminary  tests  de¬ 
scribed  in  paragraph  8)  the  vehicle  test  weight  was  l8,504  lb  (12.1  percent 
greater  than  for  tiie  other  tests).  Because  of  the  weight  differential  the 
test  results  of  items  1-5  were  not  given  as  much  consideration  as  the  re¬ 
sults  of  the  other  tests  to  determine  701,^^  (and  one-pass  VCI's,  discussed 
subsequently) . 

31.  N05A2  (mod) .  Fourteen  tests  were  conducted  with  this  vehicle. 
Those  data  are  plotted  in  plate  1,  fig.  b.  In  item  13  on  an  RCI  of  46  and 
in  item  15  on  an  RCI  of  44  tlv  M35A2  became  immobilized  on  the  4lst  and 
47th  passes,  resTOCtivoly.  In  item  l4  on  an  RCI  of  55  the  vehicle  com¬ 
pleted  50  passes  vdth  seme  difficulty.  Then  in  item  26  the  M35A2  ccmpleted 

To  facilitate  the  analysis  of  data  and  the  presentation  of  data  in 
tables,  plates,  etc.,  the  tests  were  grouped  according  to  type  of  test, 
and  tost  weight.  Sequential  "item"  numbers  were  then  assigned 
to  tlie  tests.  In  the  remainder  of  the  report,  a  test  is  identified  by 
its  corresponding  item  number. 


After  1  pass 


50  passes  with  ease  on  an  RCI  of  59*  From  these  tests  the  experimental 

VCI^»  was  placed  at  56. 
pU 

32.  MLI3.  Data  from  15  tests  conducted  with  the  M113  are  plotted 

in  plate  1,  fig.  c.  In  item  39  on  an  RCI  of  30  and  in  item  33  on  an  RCI  of 
27,  the  MII3  made  50  passes  with  little  difficulty.  In  item  37  on  an  RCI 
of  22  the  MII3  became  immobilized  on  the  51st  pass,  'fhen,  considering  also 
the  resiilts  of  items  28  and  38,  the  experimental  VCI^^  for  the  M113  was 
conservatively  placed  at  29. 

33.  In  items  27-32,  the  test  weight  of  the  M113  was  24,200  lb  (7.I 
percent  greater  than  for  the  other  tests).  Because  of  the  weight  differen¬ 
tial  the  test  resvilts  of  items  27-32  were  net  given  as  much  consideration 
as  the  results  of  the  other  tests  in  determining  experimental  VCI^q  (one- 
pass  VCI  is  discussed  subsequently). 

34.  MEXA  10x10.  Eighteen  VCI  determination  tests  were  conducted 

with  the  MEXA  10x10.  Test  results  are  plotted  in  plate  1,  fig.  d.  In 

item  48  on  an  RCI  of  15  the  vehicle  was  considered  to  be  immobilized  on  the 

47th  pass.  In  item  54  on  an  RCI  of  19 »  although  immobilization  appeared  to 

be  imminent  on  the  50th  pass,  the  test  was  continued  through  54  passes 

without  immobilization.  Fig.  20  shows  this  test  in  progress  at  Carson  Sink 

site  3.  In  items  50  and  53 >  on  22  RCI,  50  passes  were  completed  without 

difficulty.  From  the  results  of  these  tests  the  experimental  VCI^»  was 

50 

placed  at  I8. 

35.  In  the  preliminary  tests  conducted  at  Vicksburg,  the  tire  infla¬ 
tion  pressiure  of  the  MEXA  10x10  was  3-0  psi  (average  overall  deflection  of 
31.6  percent)  v;hile  in  the  comprehensive  tests  in  Nevada  tire  deflection 
was  set  at  20  percent,  yielding  an  average  inflation  of  7.3  psi.  Plate  1, 
fig.  d,  indicates  that  this  inflation  pressure  and  deflection  differential 
had  little  effect  on  the  test  results. 

36.  MEXi\  8x8.  Fourteen  VCI  determination  tests  were  conducted  with 
the  MEXJ\  3x3.  Test  results  are  shown  in  plate  1,  fig.  e.  Examination  of 
the  data  shows  that  the  MEXA  8x8  became  immobilized  in  item  6l  on  an  RCI  of 
20  on  the  33th  pass.  Fig.  21  shows  this  test  at  WES  in  progress.  Notes 
for  item  show  that  the  vehicle  had  no  difficulty  completing  50  passes  on 
£ui  RCI  of  21,  whereas  in  item  60  it  had  extreme  difficulty  completing 
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After  1  pass 


h}:  jit 


50  passes  on  an  RCI  of  22.  Therefore,  the  separation  point  between  go  and 
no  go  for  50  passes  was  placed  at  an  RCI  of  23. 

37*  In  tests  conducted  at  Vicksbxirg,  the  average  tire  inflation 
pressure  of  the  MEXA  8x8  was  5*2  psi  (average  overall  deflection  of  27*9 
percent)  while  in  the  Nevada  tests,  tire  deflection  was  set  at  20  percent, 
yielding  an  average  inflation  pressure  of  9.0  psi.  Plate  1,  fig.  e,  indi¬ 
cates  that  this  inflation  pressxire  and  deflection  differential  had  little 
effect  on  results  of  these  tests. 

38.  MEXA  track.  Data  for  the  13  tests  conducted  with  this  vehicle 
are  plotted  in  plate  1,  fig.  f.  Ten  tests  resulted  in  immobilizations  and 
three  resulted  in  completion  of  50  passes.  In  item  8l  on  an  RCI  of  20,  the 
MEXA  track  was  immobilized  on  the  44th  pass.  In  item  83  on  an  RCI  of  19 
and  in  item  86  on  an  RCI  of  20,  the  vehicle  had  considerable  difficulty 
completing  50  passes.  However,  in  item  82  on  an  RCI  of  19,  50  passes  were 
completed  without  difficulty.  In  item  83  the  vehicle  was  allowed  to  con¬ 
tinue  thro\igh  54  passes  without  becoming  immobilized.  Based  on  these  tests 
the  experimental  VCI^q  was  conservatively  placed  at  21. 

39*  Summary  of  VCI^p  results.  The  following  tabulation  summarizes 
the  results  of  experimentail  VCI^q  determination: 


Vehicle 

Experimental 

^^^50 

Vehicle 

Experimental 

^"^50 

xm4ioei 

32 

MEXA  10x10 

18 

M35A2  (mod) 

56 

MEXA  8x8 

23 

M113 

29 

MEXA  track 

21 

Determination  of  VCI  for  one  pass 

40.  Most  of  the  field  test  evidence  collected  to  date  in  fine¬ 
grained  soils  indicates  that  one-pass  go  vehicle  performance  separates 
well  from  one-pass  no-go  vehicle  performance  on  the  basis  of  RCI.  However, 
critical-layer  criteria  based  on  tests  of  a  range  of  vehicles  and  varying 
RCI  conditions  have  yet  to  be  firmly  established.  There  has  been  limited 
evidence  indicatiiig  that  the  critical -layer  criteria  for  50  passes  can  be 
used  in  determining  one-pass  VCI  for  scrae  vehicles  with  generally  fair  suc¬ 
cess;  a  determination  of  one-pass  VCI  based  on  the  50-pass  critical -layer 
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criteria  (hereafter  referred  to  as  VCI^(50))  is  discussed  in  the  following 
paragraph. 

41.  Measured  (experimental)  VCI^(50)  is  shown  in  plate  1  in  the  plot 
for  each  vehicle.  The  plots  reveal  that  for  the  majority  of  the  tests 
there  was  generally  satisfactory  separation  of  go  tests  from  one-pass  no-go 
tests  at  the  designated  experimental  VCI^(50)  for  the  XM410E1,  M35A2  (mod), 
M113j  and  MEXA  track.  However,  it  is  apparent  from  examination  of  plate  1, 
figs,  d  and  e,  that  experimental  VCI^(50)  is  a  poor  indicator  of  one-pass 
performance  for  the  MEIXA  10x10  and  MEXA  8x8.  The  test  data  for  the  MEXA 
10x10  show  that  in  five  tests  the  vehicle  completed  between  1  pass  and  39 
passes  on  soils  of  strengths  less  than  experimental  VCI^(50).  The  MEXA  8x8 
test  data  show  that  on  six  tests  the  vehicle  ccanpleted  between  2  and  27 
passes  on  soils  of  strengths  less  than  experimental  VCI^(50).  This  siig- 
gests  that  the  use  of  the  present  50-pass  critical-layer  criteria  in  deter¬ 
mining  one-pass  performance  is  not  satisfactory  for  all  vehicles.  These 
results  thus  led  to  the  data  analysis  presented  in  the  following  paragraphs. 

42.  Possible  one-pass  critical-layer  criteria  for  the  vehicles  in 
the  program  were  studied  in  plots  (not  included  herein)  of  Cl  and  RCI  of 
the  0-  to  6-in.,  3-  to  9"in.,  6-  to  12-in,,  9"  to  15-in.,  12-  to  l8-in., 
and  0-  to  12-in.  layers,  and  of  combinations  of  layers  versus  munber  of 
passes  completed.  Tlie  data  in  these  plots  were  analyzed  to  find  the  layer 
that  showed  the  best  separation  on  the  basis  of  go  and  n''-go  performance. 

The  best  ovoredl  onc-pass  critical -layer  criteria  for  the  six  test  vehicles 
were  as  follows:  the  0-  to  6-ln,  layer  was  considered  to  be  the  normal 
critical  layer  unless  the  RCI  of  the  6-  to  12-in.  layer  was  less  than  that 
of  the  0-  to  6-in.  RCI,  in  which  case  the  6-  to  12-in.  layer  was  considered 
to  be  the  critical  layer, 

43.  For  each  test,  the  nxjmber  of  passes  completed  versus  the  RCI 
based  on  this  tentative  critical-layer  criteria  was  plotted  by  vehicle  in 
plate  2.  (Hereafter  the  onc-pass  VCI  based  on  the  tentative  critical-layer 
criteria  is  designated  as  VCI,. .)  The  results  are  discussed  in  the  follow- 

i.  V 

ing  paragraphs.  Figs,  22  and  23  show  typical  VCI  test  immobilizations. 

44.  XM4iOE1.  Test  data  for  the  XM4iOE1  are  plotted  in  plate  2, 
fig.  a.  In  determinin;;  mcas'U'cd  (experimental)  VCIp-t  for  the  vehicle,  more 


XI^lOEl  was  immobilized  on  7th  pass  at  Chotard 
Lake  (item  5) 


b.  IC5A2  (mod)  was  imnobilized  on  2d  pass  at  Carson 
Sink  site  2  (item  19) 


c.  ML13  was  immobilized  on  1st  pass  at  Four  Mile 
Flat  site  6  (item  Ul) 

Fig.  22.  Typical  VCI  test  immobilizations,  military  vehicles 


a.  f<IEXA  10x10  was  immobilized  on  1st  pass  at  Four 
Kile  Flat  site  7  (item  55) 


■lE'CA  trac}'.  was  immobilized  on  2d  pas 
Flat  site  8  (item  -35) 


TMiical  VCI  test  immobilizations,  MEXA  vehicles 


consideration  was  given  to  items  8,  7j  11)  and  10  than  to  the  other  items. 
The  M^UlOEl  was  immotilized  during  item  8  on  an  RCI  of  10  on  the  first  pass 
and  was  immobilized  in  item  7  on  an  RCI  of  17  on  the  l4th  pass.  However, 
because  of  the  low  immobilization  pass  number  (fourth  pass)  in  item  11  on 
an  RCI  of  21,  the  experimental  VCI^^^  was  placed  at  l8. 

45.  M3^A2  (mod).  Plate  2,  fig.  b,  shows  a  plot  of  test  data  for  the 

M35A2  (mod) .  In  item  22  the  vehicle  vfas  immobilized  on  the  first  pass  on 
an  RCI  of  22.  In  item  16  it  was  immobilized  on  an  RCI  of  24  on  the  fifth 
pass,  whereas  in  item  19  it  was  iimaobilized  on  an  RCI  of  26  on  the  second 

pass.  Then  in  item  18  on  an  RCI  of  29  and  in  item  21  on  an  RCI  of  30  the 

M35A2  (mod)  was  immobilized  on  the  ninth  and  fourth  passes,  respectively. 
Based  on  these  test  resxilts,  the  experimental  VCI^^  was  placed  at  27. 

46.  MLI3.  The  RCI-number  of  passes  completed  relation  for  the  I'IL13 
is  shown  in  plate  2,  fig.  c.  In  item  40  on  an  RCI  of  11,  immobilization 
occurred  on  the  first  pass.  Notes  for  this  item  indicate  that  had  the  soil 
strength  been  slightly  higher,  the  M113  probably  would  have  been  able  to 
complete, one  pass.  Considering  test  resxilts  in  items  30,  31,  32,  34,  and 
36,  the  experimental  VCI^^^  was  placed  at  15. 

47.  MEXA  10x10.  Test  resiilts  for  the  MEXA  10x10  are  shown  in 

plate  2,  fig.  d.  In  items  55  and  58  on  an  RCI  of  6  the  MEXA  10x10  was  im¬ 
mobilized  on  the  first  pass.  Then  in  items  59  and  47  on  an  RCI  of  8  the 

vehicle  was  inmobilized  on  the  third  and  sixteenth  passes,  respectively. 
Based  on  these  test  resxilts,  the  experimental  VCI^^^  was  placed  at  7. 

48.  MEXA  8x8.  Test  results  for  this  vehicle  are  shown  in  plate  2, 
fig.  e.  In  item  71  on  an  RCI  of  10  the  MEXA  8x8  was  inmobilized  on  the 
fifth  pass;  however,  on  this  same  RCI  the  test  vehicle  immobilized  on  the 
first  pass  in  item  70.  In  items  63  and  73  on  an  RCI  of  12  the  MEXA  8x8 
was  Inmobilized  on  the  third  and  fourth  passes,  respectively.  Considera- 
tlf'n  was  also  given  to  item  62  in  which  the  vehicle  was  inmobilized  on  the 
eleventh  pass  on  an  RCI  of  13 .  Based  on  these  test  results,  the  experi¬ 
mental  VCI^^  for  the  MEXA  8x8  was  placed  at  11. 

49.  MEXA  track.  Tlie  RCI-number  of  passes  completed  relation  for  the 
MEXA  track  is  shown  in  plate  2,  fig.  f.  In  item  74  the  vehicle  was  immobi¬ 
lized  on  the  first  pass  on  an  RCI  of  5*  In  item  77  and  item  84  the  ICXA 
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track  was  immobilized  on  the  second  and  sixth  passes,  respectively,  on  an 
RCI  of  6.  Based  on  these  results  and  considering  the  results  of  items  78, 
75}  and  76,  the  experimental  for  the  ME^CA  track  was  placed  at  7. 

50.  Summary  of  VCI^^  results.  The  following  tabulation  summarizes 
the  results  of  experimental  VCL .  determinations: 


Experimental 


Experimental 


Vehicle 

^^^it 

Vehicle 

^^^It 

xm4ioei 

18 

MEXA  10x10 

7 

M35A2  (mod) 

27 

MEXA  8x8 

11 

mi3 

15 

MEXA  track 

7 

5L.  In  review,  the  experimental  VCIj^^'s  shown  above  were  determined 
on  the  basis  of  the  critical-layer  criteria  described  in  paragraph  42. 

These  criteria  were  best  for  determination  of  the  minimum  soil  strength  that 
would  permit  the  vehicle  to  make  one  pass.  For  the  remaining  vehicle  per¬ 
formance  parameters  (drawbar  pull,  motion  resistance,  etc.),  whore  soil 
strengths  were,  for  the  most  part,  greater  than  experimental  the  0- 

to  6- in.  RCI  correlated  best  with  performance.  Therefore,  the  following 
analyses  are  on  the  basis  of  0-  to  6-in.  RCI. 


Drawbar  Pull  Tests 


[)2.  Sixty-three  drawbar  pull  tests  wore  conducted,  6  on  asphalt 
pavement  and  57  on  a  range  of  soil  strengths  at  test  sites  in  Nevada. 

Fig.  2U  shows  vehicles  in  position  for  drawbar  pull  tests.  Soil  strength 
and  related  data  for  each  tost  summarized  in  table  3.  Drawbar  pull, 
torque,  speed,  and  slip  data  for  each  test  are  siramarized  in  table  4.  In 
the  following  par:u:raplis ,  t'nc  relations  of  drawbar  pull  to  speed,  slip,  and 
RCI  of  the  0-  to  b-in.  layer  are  discussed. 

Drav;bar  null -speed  relations 

53.  For  each  ^Irav/bar  pull-speed  tost,  drawbar  pull  in  terms  of  draw¬ 
bar  pull  coefficient  (drav/bar  pull,  D,  in  rounds  divided  by  vehicle  weight, 
'.V,  in  eoundsl  was  idottcd  versus  speed,  and  curves  of  best  visual  fit  v/ero 
irts.ini  t}irou/:h  tb.e  data  points,  'ih  ■  curves  are  sho’wn  in  plates  3  and  4. 


a.  Carson  Sink  site  3,  MEXA  track  (item  137) 


b.  Four  Mile  Flat  site  6,  MEXA  10x10  (item  II9) 


rig.  24.  MEXA  track  and  iOxlO  in  position  prior  to 
start  of  drawbar  puJl  tests 

(Because  of  the  large  amount  of  data,  the  measured  points  are  shown  in  the 
M35A2  (mod)  plot  only.)  The  relations  shown  represent  the  maximum  draw¬ 
bar  pull  available  for  a  given  vehicle  speed  and  a  particular  soil  strengtl 
in  terms  of  0-  to  C-in.  RCI.  The  inflections  in  the  curves  indicate  opti¬ 
mum  speed  for  gear  changes. 

5*+.  These  curves  show  that,  in  general,  as  soi;  strerigth  decreases 
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maximvon  drawbar  pull  at  a  given  speed  decreases.  At  speeds  between  3  and 
6  mph  on  soil  strengths  of  52  RCI  and  above,  the  MEXA  10x10  was  able  to  de¬ 
velop  drawbar  pull  values  slightly  higher  than  those  developed  on  pavement 
(see  plate  4,  fig.  a,  items  110  and  ll4).  Higher  drawbar  pull  tests  were 
not  attempted  with  the  MEXA  10x10  and  MEXA  8x8  on  pavement  because  mechan¬ 
ical  failures  of  the  MEXA  8x8  (see  paragraph  63)  had  occurred  at  high  draw¬ 
bar  pulls  in  tests  on  soils  (items  123  and  128).  At  speeds  less  than  about 
8  mph  the  MEXA  track  developed  higher  drawbar  pull  values  on  soil  than 
those  developed  on  pavement  (see  plate  4,  fig.  c,  items  133  and  139)* 

Drawbar  pull  and  work 
output  index  versus  slip 

55*  Drawbar  pull  in  terms  of  drawbar  pull  coefficient  d/H  versus 
wheel  or  track  slip  for  each  test  was  plotted  and  curves  of  best  visual  fit 
were  drawn  through  the  data  points.  An  example  of  these  plots  is  shown  in 
fig.  25;  D/W  is  represented  by  the  solid  line. 

56.  Since  d/W  varies  with  slip,  the  maximum  D/H  is  a  performance 


0  M  40  CO  to  too 

SLIP,  -v 


Fig.  25.  Drawbar  pull  versus  slip,  ^tEXA  8x8  (item  126) 


parameter  often  used  in  evaluating  the  traction  capabilities  of  vehicles. 
However,  in  clay  soils,  the  maximum  drawbar  pxill  usually  occurs  at  or  near 
100  percent  slip.  At  100  percent  slip,  maximum  D/W,  is  not  a  meaningful 
parameter  because  no  useful  work  can  be  done  when  a  vehicle  is  not  moving 
forward.  A  more  meaningful  performance  parameter  is  the  optimvun  d/W 
value,  the  vedue  of  D/W  when  the  vehicle's  work  output  index  is  at  maxi¬ 
mum.  Work  output  index  is  a  dimensionless  nximber  that  indicates  the  ve¬ 
hicle's  towing  efficiency  and  is  defined  as  follows: 


Work  output  index  =  ^ 


distance 

vehicle  traveled  _  D/.  . .  s 

distance  tracks  or  “  ^ 

wheels  traveled 


Optimum  d/W  values  were  determined  from  plots  of  D/W  and  work  output 
index  versus  slip.  An  example  is  shown  in  fig.  25.  Wheel  or  track  slip  at 
which  the  maximum  work  outxnit  index  occurs  is  termed  optimum  slip. 

57.  RCI  of  the  0-  to  6-in.  layer,  optimum  drawbar  pull  (d/w)^^^  , 
and  optimtam  slip  for  each  test  used  in  the  analysis  are  as  follows: 


U<*B 

No. 

0.  to 
(’’•in. 
KOI 

Optlai'JB 
Dr^wb^r  ?j’.  1 

orti- 

Bua 
.51!  P 
i 

Itf# 

No. 

0*  to 
*  *ln. 
HCI 

Optin-n 
Dr’^wbar  P-.:ll 

Optl- 

r.'A 

Clip 

!  t  «,'0 

!Jo. 

0- 

t  *ln. 

PCI 

Dnwb'T 

■ 

Opt  1  - 
O'jpi 

nip 

lb 

••*05?  1' 

(D/W) 

'  '  '^opt 

lb 

lb 

KEXA  10x10 

*!EXA 

(Oor.tir.a*-!) 

50 

“."50 

0.53 

It 

10'/ 

52 

12,2(0 

20 

12“ 

1*0 

13,. 

O."-* 

>i. 

W 

50 

0,52 

V" 

10"* 

35 

*1,72'' 

o.*5 

.K 

12* 

1? 

3,01,0 

5  . 

.  ) 

3V 

0.1*5 

1^. 

lO'J 

35 

O.-o 

>» 

130 

1* 

2,-50 

o.ir 

20 

‘W 

T' 

0,.>70 

1.3“ 

20 

110 

5? 

U.'.J0 

0.  ,*0 

1-* 

1*1 

II. 

1  ,‘*ro 

O.O'. 

• 

91 

24 

^300 

C.  *0 

a5 

111 

2^ 

0.1*** 

VN 

42 

2U 

H,3<X) 

o.?o 

1) 

'^■:XA  Ort.'k 

9.051* 

O.S5** 

5** 

112 

.M 

o,7;5 

0.5!* 

2) 

11? 

152 

12.0‘'0 

0,(  ? 

12 

IV 

52 

15.155 

,’5 

Se5A2  {»>! 

Il5 

1*2 

12, V 

O.-’O 

1" 

1  ** 

■5,35) 

' 

115 

1  ^ 

2.'liS 

0.1? 

131. 

<  > 

1  /-3) 

O.f 

15 

SO 

t'l,!*'*^** 

o.w*« 

21)** 

U' 

15 

2,^1.S 

O.i* 

2* 

»  ,*• 

?2 

P,  -s 

0.  '0 

1  ^ 

yy 

*.**’5** 

O.5.?** 

1  V 

>< 

)  2  5  •*' 

\*  1. 

15 

.  * 

5.2>-5 

0.2/ 

21) 

11" 

;< 

ll,‘AX> 

o.*« 

1*' 

^7 

1  - 

■*,55'. 

0.25 

u-' 

1 ' 

7.  VO 

0.1,1 

21 

i  i  ’ 

2* 

l’.  •-! 

■'.*  • 

1  * 

'It* 

1  '2 

10,5  2? 

0.5'-* 

22 

11  ^ 

i( 

5.  "■) 

^2 

1  - 

1.'** 

15  -* 

'.2,  **0 

. 

• 

11, 

120 

10 

0. 1* 

20 

1*  ‘ 

I**,!*? 

0.  2 

I  . 

121 

11 

2,525 

u.lt 

1* 

11*0 

t  . 

It.l  V 

2 

Mil- 

12 

12 

2  525 

-Ml* 

>1. 

11,1 

-  * 

11 

V-*,UX> 

.'.•It** 

*«  •« 

Vi.OtA 

I*,.' 

;■ 

'  .  ‘  >0 

100 

5* 

12.15  ’ 

C’.Sli** 

!■  ** 

il.' 

• 

*  ’ 

101 

« r 

12,1 ‘/I 

0  •  St 

1  • 

12? 

S  ‘ 

12,3'-> 

>.'S 

« • 

int 

1 ,  ’ 

VX' 

i  ‘ 

1 1 ,  ‘S') 

0.V2 

It 

1 

>*• 

»  >.yf, 

0.3- 

’  *■. 

u  ♦ 

• 

iO* 

jl. 

♦  , 

'• 

125 

'  *  *5 

!-*• 

1  '  '-> 

7.51* 

1  . 

lOi 

10,*:  -r 

J.'t  * 

I" 

12  ■ 

2. 

U,  ♦ 

,*  • 

iO-’. 

i** 

‘.IS  ‘ 

0.15 

1*' 

1' 

.20 

*2 

• 

J** 

’•  VthiOjf  I’.i  llalt**  l>«'r'rc  T  W)  »  ;•  •r  .’:.  !* 

forctr  tv  !(»'  rljp  •.  m:!  ■:  |  '  •  ..^r  ‘j’i'L  n,  I-  h!iv«* 

Ite  pwwv-  llait. 


37 


(D/W)  versus  0-  to  6-in.  RCI 
'  opt  _ 

(d/w)^^^  is  plotted  versus  0-  to  6-in.  RCI  in  plate  5*  The  ex¬ 
perimental  VGI,,  for  each  vehicle  is  also  shown  plotted  as  an  x  at  zero 

J-U 

(D/Vj)^^^  .  With  the  experimental  values  as  guides,  curves  of  best 

visual  fit  were  drawn  through  the  data  points.  Test  results  are  dis¬ 
cussed  in  the  following  paragraphs. 

59«  XM41QE1 .  Item  93  was  conducted  on  pavement  with  tires  of  the 
XM4iOS1  inflated  to  an  average  pressure  of  35  psi.  In  this  test  the 
XM410E1  reached  its  power  limit  (the  vehicle's  engine  stalled)  developing  a 
maximum  D/W  of  0.55  at  5  percent  slip.  Six  drawbar  pull  tests  were  con¬ 
ducted  on  soil  with  the  tires  inflated  to  12.2  psi.  In  ite'u's  8?  and  88, 
the  XM4iOE1  reached  its  power  limit  between  15  and  20  percent  slip.  The 


D/l'/  and  work  output  versus  slip  curves  for  these  tests  indicated  that 
(D/W)^P^  values  developed  near  the  vehicle's  power  limit.  The  0-  to  6- in. 
RCI  versus  (D/W)^p^  for  each  test  is  plotted  in  plate  5,  fig*  a.  The 
curve  on  this  plot  shows  a  sharp  increase  from  zero  to  0.4?  (D/W)^p^  be-  • 
tween  an  RCI  of  17  and  50.  Beyond  an  RCI  of  about  50  there  was  little  in¬ 
crease  in  with  increase  in  soil  strength. 

60.  M35A2  (mod).  Six  drawbar  pull  tests  were  conducted  with  the 

^05A2  (mod).  The  M35A2  (mod)  reached  its  power  limit  (the  vehicle's  engine 
and  wheels  stalled)  in  the  pavement  test  (item  l45)  and  in  soil  test  items 
94  and  95.  In  the  pavement  test,  the  1B5A2  (mod)  developed  a  maximum  D/W 
of  0.62  at  13  percent  slip.  In  items  94  and  95,  the  M35A2  (mod)  reached 
Its  power  limit  between  20  and  30  percent  slip.  The  D/W  and  work  output 
/ersus  slip  curves  for  these  tests  indicated  that  the  (D/W)^p^  values 
were  achieV'-jd  near  the  vehicle's  power  limit.  The  RCI  versus  (i^A)opt 
curve  in  plate  5,  fi  '•  h?  shows  that  between  27  and  50  RCI  (D/zO^^p^  in¬ 
creased  sharply  from  zero  to  0.52.  Beyond  about  50  RCI, 
creased  gradually  with  increase  in  soil  strength. 

ol.  Mil j.  Nln’;  drawbar  pull  tests  were  conducted  with  the  M113. 

Tile  vehlcl"  'eactiod  Its  power  limit  (the  vehicle's  tracks  stalled  but  the 
eUi:Lne  did  not)  In  the  pavement  test  (item  l46)  and  in  two  soil  tests 
(items  -)^  and  lOO).  In  the  pavement  test,  the  K]  13  reached  its  power  limit 
i'  V'  loping  a  .maximum  D/.-/  of  0.64  at  about  2  percent  slip.  In  items  99 


and  100,  the  M113  reached  its  power  limit  at  28.0  and  23.8  percent  slip, 

respectively.  In  plate  5}  fig-  c,  the  RGI-(D/4/)  curve  is  steep  between 

op  U 

a  of  zero  and  O.5O,  indicating  a  great  increase  in  pull  between 

15  and  50  RGI.  Beyond  50  RGI  there  is  only  a  gradual  increase  in  (D/V) 

op  U 

with  increase  in  soil  strength. 

62.  MEXA  10x10.  Sixteen  drawbar  pull  tests  were  conducted  with  the 

MEXA  10x10.  Plate  5}  fig-  d*  is  a  plot  of  versus  RGI  for  the 

MEXA  10x10.  The  plot  shows  that  as  RGI  increased  from  7  to  35} 
increased  from  0  to  O.65.  Values  of  increased  only  slightly  be¬ 

tween  65  and  162  RGI.  The  MEXA  10x10  had  sufficient  power  to  produce  100 
percent  slip  in  all  tests.  In  item  110,  the  MEXA  10x10  developed  a  maxi¬ 
mum  pull  of  18,328  lb  (1.02  D/W)  at  100  percent  slip  (see  table  4). 

63.  MEXA  8x8.  RGI  versus  (D/W)^p^  data  for  nine  drawbar  pull 
tests  conducted  with  the  MEXA  8x8  are  shown  in  plate  5}  fig-  e.  The  curve 
shows  an  increase  in  (D/V)^p^  from  zero  to  0.62  between  11  and  45  RGI. 

In  item  123  the  MEXA  8x8  developed  a  raaximun  pull  of  l8,3l6  lb  (O.96  D/W). 
At  this  pull.  Nos.  3  and  4  differentials  failed  and  had  to  be  replaced. 
Furthermore,  in  item  128  the  Nos.  3  and  4  differentials  failed  at  0.71  D/W. 
Because  of  these  costly  mechanical  failures,  high  drawbar  pulls  on  firmer 
soils  and  on  pavement  were  not  attempted. 

64.  MEXA  track.  RGI  versus  <iata  for  the  l4  tests  con¬ 

ducted  with  the  MEXA  track  are  shown  in  plate  5,  fig-  f-  The  plot  shows  an 
increase  in  from  zero  to  O.65  between  7  and  35  RCI-  Beyond 

35  RCI,  (D/V)  increased  gradually  increase  in  soil  strength.  The 
op  w 

MEXA  track  had  ample  power  to  generate  100  percent  slip  at  the  tracks  in 
all  tests.  In  item  133}  the  MEXA  track  had  a  maximum  of  1.02  D/Vj  at  100 
percent  slip.  In  the  pavement  test  (item  149)  the  MEXA  track  was  able  to 
pull  0.87  D/V  at  21.1  percent  slip;  had  the  cable  between  the  load  vehicle 
and  te.st  vehicle  not  failed  in  this  test,  higher  pull  and  slip  values 
probably  would  have  been  developed. 

Towed  Motion  Resistance 


65.  The  tewed  motion  resistance  for  each  vehicle  was 
lowing  most  drawbar  pull  tests.  A  summary  of  the  soil  data 


measured  :’ol- 
for  each  test 
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is  presented  in  table  3.  One-pass  towed  motion  resistance  (in  pounds  and 
as  a  coefficient  r/W  where  R  equals  motion  resistance  in  pounds  and  W 
equals  vehicle  weight  in  pounds)  and  0-  to  6-in.  RCI  for  each  test  are  tab¬ 
ulated  below.  The  coefficient  R/V  and  the  RCI  for  each  test  are  plotted 
in  plate  6.  A  curve  of  best  visual  fit  was  drawn  through  the  data  points. 


Item 

No. 

0-  to  6-in. 
RCI 

Motion  Resistance 
Coefficient 
lb  R/N 

Item 

No. 

0-  to  6-in. 
RCI 

Motion  Resistance 
Coefficient 
lb  R/N 

XM410E1 
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(Continued) 

87 

50 
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89 
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153 
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0.06 

122 

12 

1750 
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145 
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Pavement 

641 

0.03 

130 
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0.17 

M113 

131 
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0.22 
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1821 

0.08 

MEXA 
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103 
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52 
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0.09 
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189 

1469 
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2020 
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l46 

Pavement 

1024 
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138 
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0.08 

MEXA 

10x10 

149 

Pavement 

1136 

0.06 

142 

16 

6520 

0.33 

108 

35 

1260 

0.07 

144 

6 

9070 

0.46 

110 

52 

750 

0.04 

XM4ioE1,  M3^A2  (mod),  and  Mil 3 

66.  In  plate  6,  figs,  a,  b,  and  c,  the  test  data  for  the  XM410E1, 
tlie  ri35A2  (mod),  and  the  M113  show  that  an  B./^  of  0.04  was  measured  on 
pavement,  Tlien  the  curves  show  a  gradual  increase  in  R/W  from  pavement 
to  an  RCI  of  about  t>0.  Below  about  50  RCI,  increased  rapidly  with 

little  decrease  in  RCI.  The  lowest  strengths  tested  show  an  R/W  of  0.20 
on  24  RCI  for  the  XM410E1,  an  R/W  of  0.19  on  37  RCI  for  the  M35A2  (mod). 
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and  an  R/V  of  0.l6  on  2k  RCI  for  the  M113- 
MEXA  10x10 

67.  In  plate  6,  fig.  d,  the  MEDCA  10x10  curve  shows  an  r/W  of  O.O3 
on  pavement.  Below  pavement  strength,  R/W  increased  little  as  RCI  de¬ 
creased  to  about  30.  From  an  RCI  of  30  to  an  RCI  of  12,  R^V  increased 
gradually  from  0.06  to  0.10. 

MEXA  8x8 

68.  The  MEXA  8x8  curve,  plate  6,  fig.  e,  indicates  a  gradual  in¬ 
crease  from  pavement  R/V  (0.03)  to  an  RCI  of  about  30.  Below  about  30  RCI, 
the  curve  shows  that  R/W  increased  rapidly  to  0.22  at  12  RCI. 

MEXA  track 

69.  In  plate  6,  fig.  f,  the  MEXA  track  data  show  an  R/W  of  O.O6  on 
pavement.  This,  the  highest  R/W  meastired  on  pavement  for  the  vehicles 
tested,  reflects  the  mass  of  the  MEXA  track's  track  system.  R/W  increased 
gradually  as  strength  decreased  from  pavement  to  an  RCI  of  30.  Below  about 
30  RCI,  the  curve  shows  that  R/W  increased  rapidly  to  0.46  at  an  RCI  of  6. 


70.  Forty-four  speed  tests  were  conducted,  nine  on  pavement  and  35 
on  a  range  of  soil  strengths,  at  Vicksburg  and  Fallon.  Soil  strength  and 
related  data  for  each  test  are  summarized  in  table  5*  Each  test  was  con¬ 
ducted  as  described  in  paragraph  21.  The  reilations  developed  for  each  ve¬ 
hicle  are  shown  in  plates  7  and  8  as  speed  versus  time.  Only  curves  are 
shown  since  the  individual  data  are  numerous;  however,  the  data  are  on  file 
at  WES.  These  curv'^es  were  used  principally  to  obtain  maximxjm  speed-soil 
strength  relations;  however,  measures  of  acceleration  and  deceleration  can 
be  obtained.  A  detailed  analysis  of  acceleration  and  deceleration  is  not 
within  the  scope  of  this  report;  therefore,  tliese  performance  parameters 
are  discussed  in  general  terms  and  no  attempt  is  made  to  relate  then  to 
soil  strength  in  this  analysis. 

71.  Once  maximum  speed  was  believed  attained,  the  driver  disengaged 
the  power  train  and  allowed  the  vehicle  to  roll  to  a  stop.  Deceleration 
portions  of  the  speed-time  cvirves  in  plates  7  and  8  are  more  clearly 
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defined  than  are  the  acceleration  and  time  required  to  reach  maximum  speeds. 
There  should  he  a  relation  between  slopes  of  deceleration  ciirves  and  soil 
strength,  and  also  the  deceleration  curves  should  be  straight  lines  if  the 
only  factor  affecting  deceleration  were  soil  strength.  However,  in  some 
cases,  pavement  tests  in  particvilar,  the  deceleration  curves  are  convex  in 
shape.  One  of  the  additional  factors  that  probably  affected  deceleration 
is  wind  resistance;  however,  further  study  will  be  required  before  definite 
relations  can  be  developed. 

Maximum  speed  versus  soil  strength 

72.  The  maximum  vehicle  speeds  and  soil  strengths  in  terms  of  the 
0-  to  6-in.  RCI  used  in  the  analysis  are  as  follows: 


Vehicle 


Vehicle 
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IIo. 
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6 -in. 
RCI 
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Range  and 
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6-in. 
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H-l, 

H-2 

]. 

n 

24  10.'’ 

1-2 

192 

Pavement 

22.2 
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73.  Maximum  vehicle  speed  is  plotted  versus  0-  to  6-in.  RCI  in 

plate  9;  included  in  each  plot  is  the  maximum  vehicle  speed  achieved  on 
pavement.  The  maximum  speed  values  were  obtained  from  plates  7  and  8.  A 
curve  of  best  visual  fit  was  drawn  through  the  data  points.  The  dashed 
portions  of  the  curves  were  determined  by  extrapolating  between  the  lowest 
RCI-maximum  speed  value  and  experimental  -  1  plotted  at  zero  speed 

for  each  vehicle.  VCI. .  -  1  was  assumed  to  be  the  spil  strength  that  would 

Xu 

cause  immobilization.  Extrapolation  between  -  1  and  lowest  RCI- 

maximum  speed  value  was  necessary  in  order  to  obtain  an  approximate  speed 
value  for  VCI^.  because  of  difficulty  in  locating  test  sites  having  soil 
strengths  equal  to  experimental  for  each  vc'^icle.  The  the  curves  show 

that  at  VCI^.  speed  for  all  six  vehicles  tested  was  approximately  2.5  mph. 
Acceleration  and  deceleration 

74.  As  can  be  seen  in  plates  7  and  8  for  a  given  vehicle  and  soil 
strength,  \iniform  acceleration  did  not  develop,  generally,  because  of 
shifting  of  gears.  Gear  shifting  can  be  seen  as  inflections  in  the  speed- 
time  curves  (plate  7,  fig.  a).  In  several  tests  toward  the  end  of  the  ac¬ 
celeration  period,  erratic  speed-time  curves  were  developed  (item  153 > 
plate  7,  fig.  a);  this  was  not  fully  explainable  and  needs  further  study. 

75.  The  development  of  relations  between  acceleration  and  soil 
strength  is  not  presented.  One  of  the  difficulties  in  relating  accelera¬ 
tion  to  soil  strength  is  that,  of  necessity,  vehicle  range  and  transmission 
were  varied  from  test  to  test.  For  each  test  a  range  and  transmission  gear 
were  selected  to  produce  maximum  vehicle  speed,  which  in  some  cases  did  not 
necesssurily  provide  the  maximum  acceleration  that  could  be  obtained.  Fur¬ 
thermore,  in  some  tests  deceleration  was  not  started  at  the  proper  time. 

For  example,  in  item  150  (plate  7,  fig.  a)  it  appears  that  deceleration  was 
started  before  maximum  vehicle  speed  had  been  reached.  Also,  in  item  152 
it  is  shown  that  the  vehicle  reached  maximum  speed  in  about  15  sec;  how¬ 
ever,  the  driver  continued,  attempting  to  regain  the  maximwii  speed  once 
speed  was  reduced.  It  is  pr  bable  that  the  raaxl.jm  speed  was  reached  in 
L-2*  geso*  combination  and  the  vehicle  shifted  into  L-3  and  speed  was 


^  L-2,  etc.,  denotes  low  second,  etc. 
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reduced.  Had  the  vehicle  continued  in  L-2,  the  speed  might  have  been 
slightly  higher. 

76.  XM4iOE1 .  Five  speed  tests  were  conducted  with  the  XM410E1.  In 
the  majximun  speed  on  pavement  test  (item  186),  the  XM410E1  tires  were  in¬ 
flated  to  35-psi  pressure  (recommended  pressure  for  XM410E1  tires  on  pave¬ 
ment).  In  all  other  XM410E1  tests,  the  average  tire  inflation  pressure  was 

12.2  psi.  The  curve  in  plate  9>  fig-  a»  shows  that  as  soil  strength  in¬ 
creased  from  an  experimental  VCI. .  of  18  to  about  50  RCI,  speed  increased 

i  w 

sharply  from  2.5  to  22.5  mph.  As  soil  strength  increased  beyond  50  RCI, 
speed  increased  gradually.  A  top  speed  of  53  raph  was  developed  on  pavement. 

77-  M33A2  (mod) .  RCI's  versus  maximum  speeds  for  the  M35A2  (mod) 

tests  are  shown  in  plate  9>  fig-  Four  tests  were  conducted  on  soil  and 
two  tests  on  pavement.  In  one  of  the  pavement  tests  (item  I88),  tire  in¬ 
flation  pres  ;ure  was  70  psi  (recommended  pavement  pressure).  In  all  other 
tests,  average  tire  pressure  was  20  psi.  The  higher  tire  inflation  pres¬ 
sure  increased  the  maxiram  speed  on  pavement  of  the  M35A2  (mod)  by  12.8  mph. 
The  curve  in  plate  9»  fig-  ii)  shows  an  increase  in  speed  from  2.5  to  52  mph 
between  iui  experimental  VCI^^  of  27  and  pavement. 

78.  MII3 -  Six  speed  tests  were  conducted  with  the  M113-  The  curve 
in  plate  9j  fig-  c,  shows  that  as  soil  strength  increased  from  an  experi¬ 
mental  VCI  of  15  to  about  50  RCI,  speed  increased  sharply  frcoi  2,5  to 

X  w 

17.3  mph.  Beyond  an  RCI  of  50,  speed  continued  to  increase  gradualljr  to 
about  30.2  mph  on  pavement. 

79-  MEXA  10x10.  Eight  speed  tests  were  conducted  with  the  MEXA 
10x10.  Results  are  plotted  in  plate  9>  fig-  d.  In  item  191  the  HEXA  tires 
were  inflated  to  a  pressure  of  15  psi  (recommended  pavement  pressure).  In 
all  other  tests  the  inflation  pressure  was  7.3  psi.  The  increased  tire  in¬ 
flation  pressure  increased  the  MEXA  10x10  maximm  speed  on  pavement  by  1.6 
mpii.  The  curve  shows  that  as  soil  strength  increased  from  an  experimental 
VCI  of  7  to  ,-9  RCI,  speed  increased  from  2.5  to  17-0  mph.  Beyond  35  RCI, 

X  W 

speed  increased  gradually  to  a  maximm  of  22.5  mph  on  pavement. 

80.  *E'<A  8x8.  Speed  test  data  for  the  12  tests  conducted  with  the 

8x8  are  slio'.vn  in  plate  9»  fig-  e.  In  item  193  the  MEXA  tire  inflation 
pressm-e  was  15  psi  (recommended  pavement  pressure).  At  this  pressure  the 
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MEXA  8x8  reached  a  maximim  speed  of  22.9  but  in  reaching  this  speed 
the  vehicle's  front  unit  experienced  excess  lateral  movement  which  caused 
the  driver  concern  for  his  safety.  However,  when  inflation  pressure  was 
reduced  to  9  psi  the  maximum  speed  on  pavement  was  decreased  by  only  0.7 
mph  and  lateral  movement  of  the  front  unit  was  not  excessive.  The  curve 
in  plate  9>  fig*  e,  shows  an  increase  in  speed  from  2.5  to  17*5  mph  from 
an  experimented  VCI^^  of  11  to  an  RCI  of  45,  indicating  that  the  MEXA  8x8 
is  sensitive  to  small  changes  in  soil  strength.  Beyond  45  RCI,  this  sensi¬ 
tivity  decreases. 

8l.  MEXA  track.  Seven  tests  were  conducted  with  the  MEXA  track.  A 
plot  of  the  test  data  is  shown  in  plate  9»  fig*  f*  The  curve  for  these 
data  indicates  that  as  soil  strength  increased  from  an  experimental  VCI,. 
of  7  to  30  RCI,  speed  increased  sharply  from  2.5  to  10.5  mph.  Between  30 
RCI  and  pavement,  speed  increased  grsidxxally  to  a  maximum  of  l6.2  mph. 

Maneuver  Tests 


82.  At  the  Carson  Sink  and  Four  Mile  Flat  tests  sites  101  maneuver 
tests  were  conducted  with  the  six  test  vehicles  on  a  range  of  soil 
strengths.  Soil  strength  and  related  data  for  each  test  are  summarized  in 
table  6.  The  one-pass  average  speed  and  measured  turning  radius  for  each 
test  are  presented  in  table  7*  Also  shown  in  table  7  are  steering  angle 
and  corresponding  torque  data  for  tests  with  the  Ackerman-steered  XMUiOEI 
and  M35A2  (nod)  and  with  the  articulated  steering  of  the  MEXA  10x10  and 
MEXA  track.  Steering  angle  and  torque  data  in  turning  tests  with  the  M113 
were  not  recorded  because  the  ML13  is  a  skid-steer  vehicle  and  it  is  not 
equipped  with  a  steering  transducer.  Steering  angle  and  torque  data  were 
recorded  in  tests  with  the  MEXA  8x8.  However,  because  reduction  of  the 
torque  record  produced  negative  torque  that  could  not  be  reconciled  in  some 
tests,  the  data  were  considered  to  be  questionable  and  are  not  included  in 
the  analysis.  The  ansdysis  of  the  maneuver  test  data  consists  of  the  de¬ 
velopment  of  turning  radius-speed  relations-  force-steering  angle  relations, 
and  force-RCI  relations.  These  relations  are  presented  and  discussed  in 
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Typical  maneuver  tests  in  progress  are  shewn  in 


the  following  paragraph: 

fig.  26. 


a.  MEXA  10x10  after  completing  a  left  turn  at  Carson 
Sink  site  4  (item  240) 


h.  MEXA  8x3  after  completing  a  right  turn  at  Four  Mile 
Flat  site  6  (item  271 ) 


Fig.  26.  Typical  maneuver  tests  in  progress 


Turning  radius-speed  relations 

83.  Turning  radius  (in  feet)  and  si)eed  (in  miles  per  hour)  data  were 
plotted  for  each  of  the  test  vehicles,  and  curves  of  best  visual  fit  were 
drawn  through  the  data  points.  These  plots  are  presented  in  plate  10.  The 
0-  to  6-in.  RCI  for  each  turn  is  also  shown  in  the  respective  plot.  The 
turning  radii  were  obtained  frcaa  planimetric  maps  that  show  the  path  tahen 
by  the  outside  edge  of  the  outside  wheel  or  track  of  the  vehicles  in  each 
test.  The  average  speed  for  most  t\irn  tests  was  calculated  from  measure¬ 
ments  of  time  and  distance.  The  time  and  distance  reqviired  for  the  vehicle 
to  roll  to  a  stop  after  the  vehicle  power  train  was  shifted  into  neutral 
(paragraph  21)  were  excluded  from  the  average  speed  computation. 

84.  The  relations  developed  in  plate  10  show  that,  in  general,  for 
the  range  of  speeds  tested,  as  speed  increased  turning  radlvis  increased. 
Although  there  is  no  indication  of  a  strong  correlation  between  soil 
strength  and  turning  radixis  for  a  given  vehicle,  it  is  probable  that  dif¬ 
ferences  in  soil  scrength  may  have  contributed  to  the  scatter  of  the  data 
in  plate  10.  Also,  test  procedures  created  scane  diffic\ilty  in  determining 
the  turning  radius  in  some  of  the  tests,  and  this  could  account  for  part  of 
the  scatter. 

Force-steering  angle  relations 

85.  For  the  XMl<10El,  M35A2  (mod),  MEXA  10x10,  end  MEXA  track,  per¬ 
formance  in  terms  of  force  (at  the  wheel-  or  track -ground  interface)  com¬ 
puted  from  drive-line  torque  divided  by  vehicle  weight  (F^^M)  was  plotted 
versus  steering  angle  in  degrees  for  each  turn  test.  F^  was  computed 
without  regard  to  efficiency  losses  between  the  torque  sensor  and  wheel-  or 
track-ground  interface.  A  curve  of  Ijest  visual  fit  was  drawn  through  data 
points  for  each  txirn  test.  The  curves  were  grouped  by  vehicle  according  to 
tests  conducted  at  approximately  the  same  speed  and  are  presented  in  plates 
11  and  12.  For  each  curve  (represented  by  item  numbers)  the  corresponding 
0-  to  6-in.  RCI  and  the  average  speed  are  tabiilated  below  the  respective 
plot. 

86.  The  curves  sl.ow  the  relation  of  steering  angle  to  F^^/W  from 
the  straight-line  position  (O  deg)  throxigh  the  steering  action  to  the  maxi¬ 
mum  steering  angle  (^EA).  These  relations  indicate  that,  generally,  during 
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the  steering  action  increased  very  gradually  for  the  wheeled  vehi¬ 

cles  and  gradually  for  the  MEXA  track  between  zero  steerir^g  angle  and  about 
5  deg  less  than  maximvim  steering  angle  (^BA  -  5  deg).  At  about  ^BA  -  5  deg, 
F^yw  usually  began  to  increase  sharply,  and  in  most  cases  reached  a 

maximum  at  the  I^A.  Tabulated  below  are  the  average  MSA  for  each  vehicle, 

the  average  increase  in  F,pAf  from  zero  steering  angle  to  ^GA  -  5  deg,  and 

the  average  increase  in  F^jyAf  from  zero  steering  emgle  to  ^BA.  The  ^BA 

values  shown  are  average  values  since  the  ^BA  for  each  vehicle  deviated 
slightly  from  test  to  test.  This  deviation  probably  was  caused  by  slack  in 
each  vehicle's  steering  system. 

Avg  Increase  in  Avg  Increase  in 
Avg  F^/W  from  lero  Ft/V  from  Zero 
^BA  Steering  Angle  Steering  Angle 


Vehicle 


deg  to  ^SA  - 


to  mA 


XMUiOEI  29.0  0.02  0.06 

M35A2  (mod)  24.5  0.03  0.0? 

MEXA  10x10  25.9  0.02  0.07 

MEXA  track  27.2  0.07  0.13 

87.  The  tab\ilat'’on  above  shows  that  the  increase  in  F,j/W  was  about 
the  same  between  zero  steering  angle  and  ^BA  -  5  deg  for  the  three  wheeled 
vehicles,  but  that  for  the  MEXA  track  the  increase  was  about  double  that  of 
the  wheeled  vehicles.  Tliis  was  also  true  of  the  average  increase  in  F^j/W 
from  zero  steering  angle  to  ^BA. 

88.  As  shown  in  the  plots,  the  curves  for  each  vehicle  exhibit  the 
same  general  shape  and  tend  to  separate  according  to  soil  strength.  The 
plots  show  that  generally  as  soil  strength  decreases,  F^^/W  tends  to  in¬ 
crease.  The  plots  also  indicate  that  for  the  range  of  speeds  tested  with  a 
particular  vehicle,  differences  in  speed  had  little  effect  on  force¬ 
steering  angle  relations. 

Fj/W  versus  0-  to  6 -in.  RCI 

89.  Report  3  of  this  series^  states  that  steering  angles  above 
^BA  -  5  deg  are  seldom  needed  for  maneuvering  even  at  obstacle  spacings 
approaching  the  minimum  required  by  the  vehicles.  Therefore,  the  ^BA  -  5 
deg  value  is  of  interest  since  it  appears  to  be  a  more  practiced  vedue  with 
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which  to  analyze  vehicle  force  and  its  relation  to  soil  strength. 

90.  The  soil  strength  parameter  that  showed  the  best  correlation 
with  F^j/W  was  the  0-  to  6-in.  RCI.  A  plot  of  F^^/W  at  tGA  -  5  deg  for 
the  lowest  vehicle  speed  in  each  soil  strength  versus  the  0-  to  6-in.  RCI 
is  shown  in  plate  13.  Curves  of  best  visixal  fit  were  drawn  through  the 
data  points  for  each  vehicle.  The  F^j^A/  values  were  obtained  from  the 
curves  developed  in  plates  11  and  12.  Data  used  to  prepare  plate  13  are 
sumnarized  telm. 


Item 

0-  to  6-in. 

F^/W 

at 

Item 

0- 

to  6-in. 

Ft/W  at 

No. 

RCI 

^eA  -  5 

deg 

No. 

RCI 

^6A  -  5  deg 

XM410E1 

MEXA 

10x10  (Continued) 

194 

44 

0.12 

246 

24 

0.14 

198 

29 

0.12 

250 

210 

0.06 

202 

24 

0.17 

254 

19 

0.06 

206 

194 

0.07 

256 

14 

0.08 

M35A2  (mod) 

MEXA 

Track 

210 

46 

0.l4 

274 

52 

0.21 

214 

34 

0.20 

278 

32 

0.23 

218 

198 

0.07 

282 

24 

0.25 

286 

154 

0.21 

MEXA  10x10 

290 

17 

OM 

238 

242 

50 

35 

0.11 

0.l4 

291 

293 

15 

7 

0.44 

0.46 

91.  The  curves  : 

In  plate 

13  show  that  for  the 

xm4ioei, 

M35A2  (mod), 

and  MEXA  10x10  F^^/W  increases  only  slightly  between  about  2(X)  and  50  RCI. 
Below  50  RCI,  F^p/W  increases  rapidly  with  little  decrease  in  RCI.  Two 
data  points  for  the  MEXA  10x10  (items  256  and  25^)  did  not  fit  the  general 
shape  of  the  curves.  No  reason  can  be  given  for  these  apparent  anomalies; 
however,  erroneous  torque  data  are  suspected.  The  curve  for  the  MEXA  track 
indicates  a  slight  increase  in  F^^/W  between  16O  and  30  RCI.  Below  30  RCI, 
F^j/W  increased  rapidly  with  decrease  in  RCI.  One  noteworthy  aspect  of 
these  plots  ir.  that  the  shape  of  the  curves  compares  favorably  with  the 
curves  developed  in  the  towed  motion  resistance  analysis. 

92.  Plots  were  alsc  made,  but  ore  not  included  herein,  of  at 
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f^A  -  5  deg  versus  the  0-  to  6-in.  LCI  at  other  vehicle  test  speeds.  These 
plots  revealed  little  change  in  the  magnitude  or  shape  of  the  curves  pre¬ 
sented  in  plate  13. 

Mininami  soil  strength 

93.  In  table  6,  the  0-  to  6-in.  RCI's  for  items  272,  273,  293,  and 
294  show  that  the  MEXA  8x8  and  the  MEXA  track  are  capable  of  maneuvering  on 
soil  strengths  equal  to  their  respective  experimental  VCI  , 's.  For  the 
other  vehicles  tested,  the  maneuver  data  are  not  sufficient  to  permit  per¬ 
formance  determinations  based  on  soil  strength  alone.  However,  the  results 
tabulated  in  paragraph  86  were  considered  once  again,  and  the  following 
statements  can  be  made  regarding  these  vehicles. 

94.  F^W  is  considered  to  be  a  relative  measure  of  motion'  resist¬ 
ance.  Keeping  in  mind  that  the  of  the  MEXA  track  was  established  at 

7,  the  data  show  that  on  RCI's  of  7  and  6  the  increased  motion  resistance 
from  zero  steering  angle  to  maximum  steering  angle  was  not  great  enough  to 
cause  immobilization.  Then  since  the  XM410E1,  M35A2  (mod),  and  MEXA  10x10 
show  a  smaller  increase  in  F^j^  with  increasing  steering  angle  than  did 
the  MEXA  track,  it  follows  that  these  vehicles  also  should  be  able  to  ma¬ 
neuver  on  soil  strengths  equal  to  their  respective  VCI^^^'s.  As  for  the 
MII3,  additional  test  data  are  needed  to  determine  the  mir  1 

strength  required  for  maneuvering;  however,  since  the  M113  skid-steer 
vehicle,  it  is  felt  that  it  might  require  a  soil  strength  slightly  higher 
than  VCI^.  for  maneuvering. 

95.  Tlic  preceding  analysis  indicates  that  five  of  the  six  vehicles 
tested  should  be  able  to  maneuver  in  soil  strengths  as  low  as  their  respec¬ 
tive  VCI^ . 's.  Nevertheless,  since  motion  resistance  was  shcfwn  to  increase 
duriac  a  turn  and  increase  in  motion  resistance  reduces  the  maximum  speed 

a  vehicle  can  attain,  it  follows  that  maximum  speed  in  a  turn  will  be  less 
than  t!ic  maximum  straight-line  speed  on  a  given  soil  strength.  The  follow- 
in<'  tabulation  presents  the  m.a>:imtun  turn  speeds  and  their  related  soil 
strengths.  For  comparison  purposes,  the  tabulation  also  shows  maximum 
straight-line  speed  for  each  soil  strength  (acquired  from  the  speed-soil 
strength  cin*ves  in  plate  y). 
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0-  to  6-in.  Max  Speed,  mph 


Vehicle 

RCI 

Turn 

Straight  Line 

xm4ioei 

24 

10.3 

12.0 

M35A2  (mod) 

34 

6.5 

8.0 

MII3 

25 

5.1 

12.0 

MEXA  10x10 

12 

5.2 

5.5 

MEXA  8x8 

11 

2.7 

2.5 

MEXA  track 

7 

2.8 

2.5 

The  tab\alation  above  shows  that  in  four  of  the-^ix  tests,  straight-line 
speed  was  greater  than  turn  speed.  The  results  of  two  tests  are  considered 
anomalies  because  turn  speed  is  greater  than  straight-line  speed.  Such 
anomalies  are  especially  likely  to  occur  in  this  kind  of  a  comparison  when 
the  RCI  value  is  near  or  at  because  the  value  of  VCI^^  is  usual'; 

slightly  conservative.  (Note  that  VCI^^  is  11  for  the  MEXA  8x8  and  7  for 
the  MEXA  track;  see  paragraph  73. )  However,  despite  these  anomalies,  the 
data,  in  general,  tend  to  support  the  hypothesis  that  the  motion  resistance 
encountered  in  a  turn  causes  a  decrease  in  the  maximum  speed  of  vehicles. 

Performance  of  MEXA  Vehicles*  Articulated  Steering 
and  Inching  Systems  In  Soft  Soils 

96.  The  three  MEDCA  vehicles  were  equipped  with  articuiated  and 
"inching"  systems.  The  articulated  joint  between  each  vehicle  unit  is,  in 
the  free  position,  capable  of  roll,  pitch,  and  yaw.  The  inching  system  be¬ 
tween  each  xmit  has  the  ability  to  move  one  \mit  of  the  vehicle  while  the 
others  remain  stationary.  The  maximum  extension  distance  of  each  inching 
unit  is  2  ft,  (in  fig.  27b,  the  inching  cylinder  between  the  two  units  of 
the  MEXA  track  vehicle  is  shown  in  extended  position.) 

97.  In  seventeen  of  the  VCI  tests,  after  the  vehicle  became  immo¬ 
bilized,  the  operator  attempted  to  extricate  the  vehicle  by  means  of  artic¬ 
ulating  and/or  inching.  Vehicle  performance  in  each  test  is  described  in 
the  remarks  column  in  table  2.  The  tests  in  which  one  or  both  of  the  sys¬ 
tems  were  used  are  indicated  in  the  following  tabulation  and  results  are 
discxissed  in  the  following  paragraplis. 
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System  Tested 

Vehicle 

Item  No. 

Articulated 

Inching 

MEXA  10x10 

42 

X 

X 

43 

X 

X 

44 

X 

X 

45 

X 

X 

47 

X 

X 

48 

X 

49 

X 

X 

51 

X 

52 

X 

MEXA  8x8 

62 

X 

65 

X 

X 

MEXA  track 

77 

X 

X 

79 

X 

X 

80 

X 

81 

X 

84 

X 

X 

85 

X 

X 

Total 

17 

14 

14 

Articulated  steering 

98.  The  roll,  pitch,  and  yaw  actions  of  the  articulated  joints  of 
each  MEXA  vehicle  were  used  in  combination.  Within  limits,  pitch  and  yaw 
actions  can  be  controlled  mechanically  by  the  vehicle  driver.  With  the 
articulated  joint  in  free  state,  roll  is  induced  by  the  terrain  configura¬ 
tion  over  which  the  vehicle  is  traveling  emd  cannot  be  controlled  mechani¬ 
cally  by  the  driver.  Of  the  lU  attempts  to  extricate  a  vehicle  by  articu¬ 
lation,  the  lEvA  10x10  was  the  only  vehicle  that  was  able  to  extricate  it¬ 
self  from  an  immobilization.  The  f-IEXA  10x10  attempted  to  become  mobile 
tlirough  the  use  of  the  articulated  steering  in  nine  tests;  attempts  in  four 
of  the  tests  were  successful.  In  item  48  the  articulating  action  allowed 
the  vehicle  to  extricate  itself  in  a  forward  direction  from  the  inmobiliza- 
tion.  In  items  49,  51,  and  52,  te^t  conditions  were  similar.  In  these 
th.ree  tests,  the  MEXA  10x10  was  backed  into  the  soft  soil  area  xuitil  it  be- 
c.’>;r.e  immobilized.  Tlie  test  vehicle  first  attempted  to  continue  backing 
•I -rosj  tl;e  soft  soil  using  articulation  but  was  not  able  to  do  so.  The 
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vehicle  then  attempted  to  inxll  forward  without  articulating  and  could  not. 
Articulation  was  again  used  and  the  MEDCA  10x10  was  able  to  gain  enoijigh 
traction  to  pull  itself  out  in  forward  onto  the  firm  ground  that  lay  im¬ 
mediately  in  front  of  the  vehicle. 

99*  Results  of  these  tests  indicate  that  articulation  is  of  limited 
value  as  a  means  of  extricating  the  MEXA  vehicles  from  an  inmobilizatlon 
caused  by  soft  soil. 

Inching  system 

100.  The  inching  system  (fig.  2?)  was  designed  so  that,  in  theory,  a 
vehicle  could  utilize  inching  to  extricate  itself  from  an  imnobilization  in 
the  following  manner.  With  a  vehicle  composed  of  vmits  A  suid  B  at  the  min¬ 
imum  length  position  (contracted),  the  operator  can  brake  unit  B  and  apply 
power  to  unit  A  and  at  the  same  time  activate  the  inching  cylinder  located 


a.  Vehicle  immobilized,  inching  cylinder 
partially  extended 


b.  Vehicle  inmobilizfcd,.  Inching  cylinder  fully  extended 
Fig.  27.  MEXA  track  at  Four  Mile  Flat  site  8  (item  85) 
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between  the  two  vehicle  units.  Thus,  unit  A  can  develop  tractive  effort 
and  push  against  \Jinit  B  with  the  inching  cylinder.  This  would  enable 
unit  A  to  move  to  a  new  ground  position.  The  functions  of  the  two  units 
are  then  reversed  and  uinit  B  is  drawn  up  to  unit  A.  The  vehicle  could 
supposedly  inch  forward  or  backward  to  a  position  where  the  groiand  was  firm 
enough  to  allow  the  vehicle  to  travel  conventionally  without  inching. 

101.  The  inching  system  was  used  on  l4  imnobilization  tests.  Fig.  27 
shows  the  MEXA  track  during  one  test.  The  inching  system  was  helpful  in 
extricating  the  vehicle  in  only  one  test  (item  62,  with  the  MEXA  8x8).  In 
12  tests,  either  both  units  moved  awj^y  from  each  other,  although  one  \anit*s 
brakes  were  locked,  or  one  \mit  renuiined  stable  whether  it  was  supposed  to 
or  not,  forcing  the  other  imit  to  move  to  and  from  the  first  unit.  The 
general  observation  made  by  teat  personnel  was  that  once  a  MEXA  vehicle  be¬ 
came  immobilized  due  to  a  soft  soil  condition,  the  more  the  inching  systeo 
was  used,  the  more  deeply  embedded  the  vehicle  became. 

102.  These  restilts  indicate  that  for  the  MEXA  vehicle,  only  in  rare 
situations  will  the  inching  system  contribute  to  a  vehicle’s  efforts  to  ex¬ 
tricate  itself  from  an  immobilization  caused  by  soft  soil. 

Further  Anedyses 

103.  The  analyses  presented  herein  have  been  based  on  those  aspects 
of  the  test  data  necessary  to  satisfy  the  purpose  of  the  imnediate  program. 
The  data  collected  during  this  program  lend  themselves  to  further  analyses 
directed  toward  more  detailed  studies  of  acceleration,  deceleration,  and 
drive-line  torque  characteristics.  This  extension  of  data  analyses  would 
provide  a  basis  on  which  to  evaluate  aspects  of  motion  resistance,  speed, 
and  maneuver  test  procedures  and  vehicle  response  measurements  and  their 
ability  to  establish  meaningful  soil-veliicle  relations.  Additional  analy¬ 
ses  of  these  data  are  planned  for  the  future. 

104.  Hie  experience  gained  from  the  conduct  of  the  tests  and  analy¬ 
ses  of  data  in  this  program  points  up  the  need  for  updating  and  standardiz¬ 
ing  t>\;t  nrocediu'os  for  conducting  comprehensive  soil-vehicle  test  programs. 
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Mechanical  and  Operational  Problems  of  the  MEXA  Vehicles 


Mechanical  failures 

105.  During  the  co\irse  of  the  test  program  reported  herein  the  fol¬ 
lowing  major  mechanical  failures  occurred. 

a.  The  MEXA  8x8  had  five  differential  failures  during  the 
test  program.  These  failures  occurred  in  tests  where  the 
torque  demand  was  at  or  near  maximum  torque  output. 

b.  During  a  speed  test  on  pavement  the  welds  that  held  the 
MEXA  10x10  center  drop  box  in  place  failed,  allowing  the 
center  drive  shaft  to  drop,  causing  extensive  damage  to 
both  center  drive  shaft  and  drop  box. 

c.  Nianerous  fatigue  cracks  developed  in  the  vehicle  frame 
of  the  MEXA  10x10  and  MEXA  8x8. 

d.  On  two  occasions  the  main  bearing  of  the  power  train 
at  the  back  unit  of  the  MEXA  10x10  failed. 

e.  The  i)assive  air  springs  of  the  MEXA  8x8  had  to  be  re¬ 
located  to  prevent  the  spring  support  brackets  from 
excessive  deflections, 

f.  On  two  occasions  high  pressure  hoses  of  the  MEXA  vehicles* 

~  hydraulic  system  ruptured. 

Vehicle  operation 

106.  The  following  deficiencies  were  noted  dxuring  test  operation  of 
the  MEXA  vehicles. 

a.  At  times,  especially  at  high  speeds,  the  steering  re¬ 
sponse  of  the  MEXA  vehicles  was  slow, 

b.  Each  time  a  MEXA  vehicle  was  moved  the  vehicle's  trans¬ 
mission  and  transfer  case  controls  had  to  be  adjusted 
to  make  geai-  shifting  possible.  The  driver  made  this 
adjustment  within  2  or  3  min  by  opening  and  closing  a 
pressure  release  valve. 

£.  Hie  MEXA  0x8  was  difficult  to  control  in  a  tight  turn. 
Because  the  front  unit  of  the  MEXA  8x8  was  lighter  than 
the  second  and  third  uiiits,  there  was  a  tendency  for  the 
front  unit  to  be  pushed  sideways.  To  correct  this  prob¬ 
lem,  the  first- joint  pitch  control  had  to  be  used  during 
a  turn  to  transfer  some  weight  from  the  second  unit  to 
the  first. 
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PART  IV:  COMPARATIVE  EVALUATION  OF  VEHICLE  PERFORMANCE 


107.  The  perfonnances  of  the  military  and  MEUCA  vehicles  were  com¬ 
pared  on  the  basis  of  the  results  presented  in  Part  III.  These  results  in¬ 
clude  the  experimentally  determined  VCI^^^  and  VCI^^,  drawbar  p\all-speed  re¬ 
lations,  drawbar  pull-soil  strength  relations,  towed  motion  resistance-RCI 
relations,  maximum  speed-RCI  relations,  turning  radius-speed  relations,  and 
force  required  in  tx’rning-soil  strength  relations.  Except  for  the  VCI^q 
determinations,  all  performance  correlations  were  made  on  the  basis  of  one- 
pass  performance.  The  similar  relations  developed  for  each  vehicle  are 
compared  and  discussed  in  the  following  peiragraphs. 

VCI  Tests 

108.  Tests  to  determine  the  minimum  soil  strength  that  would  pennit 
the  vehicles  to  complete  one  pass  (VCI^^)  end  50  passes  (VCI^^j)  in  a 
straight-line  path  on  level  fine-grained  soil  revealed  the  following  re¬ 
sults  : 


Experimental 


Vehicle 

v^So 

^^It 

XM410E1 

32 

18 

M35A2  (mod) 

56 

27 

M113 

29 

15 

MEXA  10x10 

18 

7 

MEXA  8x8 

23 

11 

MEXA  track 

21 

7 

109.  The  experimental  VCI^^^  and  VCI^q  for  the  test  vehicles  showed 
that  on  the  basis  of  "go-no  go"  for  one  pass  and  50  passes  in  fine-grained 
soil,  the  throe  MEXA  vehicles  were  superior  in  performance  to  the  three 
military  vehicles. 

Drawbar  Pull  Tests 

Drawbar  pull-siM?cd  relations 

110.  llie  drawbar  pull-speed  curves  for  military  and  MEDCA  vehicles 


I 

i 
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are  shown  in  plates  3  and  4,  respectively.  A  comparison  of  performance  in 
terms  of  drawbar  pull  divided  by  vehicle  weight  (D/rf)  versus  speed  shows 
that  on  soils  strong  enough  for  all  vehicles  to  operate,  the  ME5CA  vehicles 
generally  developed  higher  values  between  0  and  about  2  mph.  Beyond 

2  mph  the  military  vehicles  developed  higher  D/ltf  values.  The  data  for 
these  tests  show  '  hat  the  military  vehicles  could  not  develop  enough  force 
to  produce  100  percent  slip  between  their  traction  elements  and  pavement  or 
the  firmer  soil  strength.  The  MEJCA  vehicles  in  their  lower  gear  apparently 
had  ample  power  to  produce  100  percent  slip  on  all  test  surfaces. 

Drawbar  pull- soil  strength  relations 

111.  A  summary  of  (d/^)  .  versus  soil  strength  curves  for  the  six 

op  w 

test  vehicles  is  presented  in  plate  l4.  The  curves  show  that  the  traction 
performances  in  terms  of  (D/^)  .  for  the  MEXA  vehicles  are  superior  to 

those  of  the  three  military  vehicles.  From  the  miniimim  soil  strength 
values,  for  each  of  the  military  vehicles  increased  rapidly  to 

about  30  RCI,  beyond  which  little  change  occurred  with  increased  soil 
strength.  The  (^A)opt  vehicles  increased  rapidly 

up  to  about  40  RCI.  Beyond  40  RCI,  the  {l>A)op^  f"®**  ®*^ch  of  the  MBCA 
vehicles  increased  little  with  increase  in  soil  strength. 

Towed  Motion  Resistance 


112.  Effects  of  soil  strength  on  one-pass  towed  motion  resistance 
for  the  test  vehicles  are  shown  in  plate  1^.  Motion  resistance  divided 
by  vehicle  weight  {R/v)  is  plotted  versus  0-  to  6-in.  RCI.  Performance 
curves  in  these  plots  indicate  that  for  the  soil  strengths  tested,  R/V 
for  the  MEXA  wheeled  vehicles  was  less  than  R/V  for  the  wheeled  and 
tracked  military  vehicles.  On  soil  strengths  less  than  about  40  RCI, 

R/V  for  the  MEXA  track  was  generally  less  than  R/V  for  the  wheeled  and 
tracked  military  vehicles.  Above  about  40  RCI  the  MEXA  track's  R/V  was 
g«ierally  greater  than  that  of  the  M113  and  of  the  XM4iOE1  but  less  tlian 
that  of  the  M3^1  (mod). 

Speed  Tests 


113.  Curves  showing  the  effect  of  soil  strength  on  maximum  vehicle 


speed  on  a  level  surfaee  for  the  test  vehieles  are  presented  in  plate  l6. 
The  plot  shows  one-pass  maximian  speed  versus  0-  to  6-in.  RCI.  A  comparison 
of  curves  indieates  that  the  performance  of  the  MEXA  vehicles  as  a  group 
was  superior  to  that  of  the  military  vehicles  on  soil  strengths  between  7 
and  21  RCI.  The  ^al3  outperformed  the  MEXA  track  except  in  very  soft  soils 
below  an  RCI  of  about  20.  The  MEXA  wheeled  vehicles  outperformed  the  Mil? 
except  cn  pavement.  The  XM^lOEl  outperformed  all  MEXA  vehicles  except  in 
the  very  soft  soils,  below  RCI's  of  20-30.  The  M35A2  (mod)  outperformed 
the  MEXA  wheeled  vehieles  in  firm  soils  (RCI  70-80)  and  on  pavement,  and 
outperformed  the  MEXA  track  in  soils  firmer  than  RCI  40.  On  pavement  the 
speed  of  the  conventional  military  wheeled  vehicles  was  about  2.5  times 
greater  than  the  speed  of  the  MEXA  wheeled  vehicles  and  the  speed  of  the 
military  tracked  vehicle  about  2  times  greater  than  that  of  the  MEXA  track. 

Maneuver  Tests 


Tur>iing  radius-speed  relations 

ll4.  A  summary  of  relations  developed  showing  the  effects  of  speed 
and  soil  strength  on  turning  radius  for  the  test  vehicles  is  presented  in 
plate  17.  The  plots  show  vehicle  speed  versus  turning  radius  for  each 
test  vehicle  on  a  range  of  soil  strengths  (indicated  on  the  plots).  As 
previously  discussed  (paragraph  88),  for  the  range  of  soil  strengths  tested, 
soil  strength  appeared  to  have  little  effect  on  the  vehicle's  turning 
radius.  A  study  of  these  relations  indicates  that  at  a  given  speed  the 
military  vehicles  have  smaller  turning  radii  than  the  MEXA  10x10  and  the 
MEX,‘\  track.  The  Iffr<A  8x8  turning  radius  was  greater  than  that  of  the 
XM^OOKl,  about  the  same  as  the  M35A2  (mod),  find  greater  than  the  14113. 
'luriiln,':  force -soil  strength  relations 

llh.  jhe  effects  of  soil  strength  on  force  required  in  a  turn 
at  MIA  -  ‘3  dc[')  for  the  XMhlOEl,  M35A2  (nod),  MEJIA  10x10,  and  MEXA 
tivick  arf  chovni  i:  plate  1^.  Hie  performance  of  the  MEXA  10x10  was  about 
t}.  '  jren--  as  that  c  f  the  XMhlOEl  and  was  better  than  that  of  the  M35A2  (mod). 
Ih  ■  :  ■  rformrcK-e  of  the  MEXA  track  was  the  poorest  of  the  four  vehicles  in 
this  tvct. 
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PART  V;  SUMMARY  OF  TEST  RESUI.TS,  AMD  RECOMMENDATIONS 


Summary  of  Test  Results 


116.  Results  of  this  investigation  are  sximmarized  below. 


a.  VCI's  established  for 


Vehiele 

xmUioei 

M35A2  (mod) 

MII3 

MEXA  10x10 
MEXA  8x8 
MEXA  track 

(See  paragraphs  39  and 


six  test  vehicles  were: 


Experimental 


VCI 

■^It 

32 

18 

56 

27 

29 

15 

18 

7 

23 

11 

21 

7 

and  plates  1  and  2.) 


b.  The  MEXA  vehicles  were  superior  to  the  military  vehielec 
”  in  terms  of  VCI^^  and  VCI^^  (pai'agraphs  IO8  and  I09). 

£.  The  best  overall  one-pass  eritical-layer  criteria  deter- 
”  mined  from  field  tests  for  the  six  vehicles  wore:  the  0- 
to  6-in.  layer  was  considered  to  be  the  normal  critical 
layer  unless  the  RCI  of  the  6-  to  12-in.  layer  was  less 
than  that  of  the  0-  to  6- in.  layer,  in  which  case  the  6-  to 
12-in.  layer  was  considered  to  be  the  critical  layer 
(paragraph  U2). 


d.  The  soil  strength  parameter  that  showed  best  overall  eor- 
relation  with  drawbar  pull,  motion  resistaiice,  speed,  and 
maneuver  test  results  was  the  0-  to  6- in.  RCI  (paragraph 

51). 

c.  On  soil  strong  enough  for  all  vehicles  to  operate,  the 
MEXA  vehicles  generally  developed  higher  'Jiaximum  D/tI 
values  than  did  the  military  vehicles  for  speeds  less  than 
about  2  mph;  at  speeds  greater  than  2  mph  the  military  ve¬ 
hicles  developed  the  higher  maximum  (paragraphs  5^ 

and  110  and  plates  3  «uid  4), 

f.  MEXA  vehicle  performance  in  terms  of  (D/W)gp^  was  superior 
to  that  of  the  military  vehicles,  thus  indicating  a 
greater  traction  efficiency.  For  the  soil  strengths 
tested,  the  military  vehicles  developed  maximum  (DA’)opt 
of  between  0.50  and  O.60  and  the  MEXA  vehicles  developed 
maximum  (D/rf)opt  between  O.60  and  O.cO  (paragraphs 
57-64  and  111  and  plate  5). 

£.  Towed  motion  resistance  (r/h/)  was  less  for  tl-.e  MEXA 
wheeled  vcliicJes  tlian  that  for  tlie  wheel.-u  and  tracked 
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military  vehicles  (paragraph  112).  On  soils  of  strengths 
below  about  40  RCI  the  R/W  of  the  MEXA  track  was  lower 
than  the  R/^*s  of  the  military  vehicles  (paragraphs 
65-69  and  plate  6).  Abov^e  about  40  RCI  the  R/4j  of  the 
MEXA  track  was  generally  greater  than  the  R/^'s  of  the 
MII3  and  the  XM410E1  but  less  than  that  of  the  M3:5A2  (mod) . 

h.  As  soil  strength  increased  from  minimum  values  of  VCIit> 
vehicle  speed  increased,  with  the  vehicles  developing  a 
maximum  speed  on  pavement.  The  performance  curves  indi¬ 
cate  that  the  speeds  of  the  six  test  vehicles  at  their  re¬ 
spective  VCIx-t*s  appear  to  be  about  2.5  mph.  Maximum 
speeds  on  pavement  were:  XM410E1,  53.0  mph;  M35A2  (mod), 
52.3  mph;  MII3,  30.2  mph;  MEXA  10x10,  22.5  mph;  MEXA  8x8, 
22.9  mph;  and  MEXA  track,  16.2  mph  (paragraphs  76-8I  and 
plate  9) • 

i.  MEXA  vehicles  do  what  they  were  designed  oO  do — perform 
better  on  soft  soils  than  military  vehicles.  However,  on 
firm  s.,'il  and  on  pavement,  the  three  military  vehicles 
performed  better  than  the  MEXA's  (paragraph  113). 

For  the  range  of  soil  strengths  and  speeds  tested,  speed 
appeared  to  be  a  more  influential  factor  thsui  soil 
strength  in  affecting  the  vehicles'  ability  to  make  a  tui'n 
(paragraphs  84  and  ll4). 

k.  The  military  vehicles  had  smaller  turning  radii  than  the 
MEXA  10>:10  and  MEXA  track  at  the  same  speed  for  the  range 
of  soil  strengths  tested.  The  MEXA  8x8  turning  radius  was 
greater  than  that  of  the  XM410E1,  about  the  same  as  the 
Ii35A2  (mod),  and  greater  than  the  M113.  (Paragraph  ll4 
and  plate  17.) 

l.  Force  (Fij/lrf)  developed  diiring  vehicle  turning  action  was 
slightly  greater  than  straight-line  Fj/W  up  to  about 

5  deg  less  tlian  maximum  steering  angle.  Beyond  maximum 
steering  angle  minus  5  deg,  force  usually  increased 
sharply  (paragraph  86). 

m.  The  required  in  a  turn  for  the  MEXA  10x10  was  about 

the  same  as  that  for  the  XM4iOE1  and  was  less  than  that 
for  the  M35A2  (mod).  The  MEXA  track  required  the  highest 
?j/V  of  the  four  vehicles  tested  (paragraph  115). 

n.  The  minimum  soil  strength  required  for  maneuvering  appears 
to  be  the  ssune  as  VCI^-t  for  the  XM410E1,  M35A2  (mod).  MEXA 
8x8,  MEXA  10x10,  and  MEXA  track.  Additional  test  data  are 
needed  to  determine  the  minimum  soil  strength  on  which  the 
MII3  can  maneuver.  (See  paragraphs  93  and  94.) 

o.  The  MEXA's  articulated  steering  and  inching  systems  con¬ 
tributed  little  to  their  abilities  to  extricate  themselves 
’’rom  immobilizations  caus'id  by  soft  soil  (paragraphs 

96-102). 
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Recommendations 


117.  It  is  recommended  that: 

a.  Further  analyses  of  the  data  he  made.  The  analyses  of 
data  presented  herein  were  limited  to  meet  the  stated 
objectives;  however,  additional  test  data  were  collected 
to  permit  comparative  evtiluation  of  test  procedures  and 
the  development  of  other  soil -vehicle  relations  that  may 
lead  to  improved  soil -vehicle  relations  or  simpler  test¬ 
ing  procedures. 

b.  The  MEXA  vehicles  be  repaired  and  reconditioned  for  use 
in  other  test  programs. 

£.  Additioneil  tests  be  conducted  in  fine-grained  soils  to 
ccmplete  testing  of  vehicles  on  desired  soil  strengths 
that  were  not  tested  because  of  mechanical  failures  of 
vehicles.  It  is  eilso  recaanended  that  tests  be  con¬ 
ducted  on  soils  ranging  in  strength  from  60  to  300+  RCI. 

d.  Tests  be  conducted  to  refine  testing  procedures  for  de¬ 
termining  maneuvering  and  slope  climbing  capabilities 
and  effects  of  slippery  surface  on  vehicle  performance. 

e.  Tests  be  conducted  to  determine  the  performance  of  ME3CA 
vehicles  on  sands  in  desert  environments. 
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Hlllfry  Vchleleg 

'g»Ton  XMt^lOEl.  6x6  Truck,  Te»t  Weight  16. ‘jO^  lb 

33  36  22  'l.O  53.5  67.0  52.0  68.0  76.7  68.0  0.2  8  p.?  l.i  >*  2.3 


Vohlcie  dragged  on  mud  I'uUdup  betwe-m  rvjts  -in  lOth  pass,  }[-.d  dIffUnilty  ori  17th  pass  and 
extreme  difficulty  nn  POtb  pass,  Vchlrlc  cnnc  I  derm'll  tii  hi*  iiwiolillzrd  .in  22il  pass 


32  UO  20  <3.7  51.6  58.0  61.6  69.8  63.8  63.2  0.5  fl  3.3  0.7  (  2.6  ••  Vehicle  dragged  or  r.urt  t^illdup  tctwr-fi.  ruts  on  8th  past  and  becane  Inmoblllxed  on  lU’.h  pass 

2.2 

7.6 

lO.fl 

56  62  62  60.8  61.9  ^2.6  ^*5.9  60.5  73.5  68.7  3.6  20  10.4  2.2  14  6.5  ••  Vehicle  Vegan  dragging  on  rriid  luljjnp  bctw.-cn  ruts  uir.  4Jjth  pass,  but  completed  ‘jO  passes  vlth 

0.1  ease 

1.8 

2.3 


27  38  49  143.9  84.7  50.2  35.8  47.4  64.3  76.2  2.9  10  6.1  2.3  9  4.5 


29  2?  19  107.0  69.8  ^,6.1  51.4  55.0  65.8  66.6  0.2  11  3.7  0.7  4  2.0 


16? .Ton  jCM-lXl.  8x8  Truck.  Test  WeUht  16.5Q4  lb 


Vehicle  Ifgan  dragging  w.  rud  buildup  li-twci.n  "utl  rp  Mt,  poss  and  had  sce-e  difficulty  tnaKing 
39th  pass.  Vehicle  f-rpUtei  5O  passi-s  with  difficulty 


Vehicle  began  dragging  on  mud  bulldap  between  ruts  on  3d  pass.  There  was  some  wheel  aMp  on 
5th  pass.  Vehicle  became  In.-notllized  on  7th  pass 
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Vehicle  began  dragging  on  nul  buildup  hetwccn  ruts  on  3d  pass.  Hy  fth  pass  vehicle  vas 
draggirg  entire  test  Ian**.  CHj  l4th  pass  vehicle  had  extreme  uifflculty  and  was  considered 
tft  be  Imobllixed 
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Vehicle  entered  test  lane  and  becue  Imok  lJlsed  on  1st  paer 
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3.2 

15,4 

Vehicle  began  drseglng  on  muJ  lulljup  by  10th  pass,  and  vas  dragging  er.tlr  test  lane  by  20th 
pass  ar-d  having  s-«ne  difficulty.  Nfferertlal  caused  mechanical  difficulty  on  3''th  pals, 
but  Vcbirle  c'rpleted  passes  lefTe  test  vas  Stopped 
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Undercarriage  or.  left  sMt  was  Iragglrig  ojj  7th  pass.  fe>  14th  pass  vehicle  becamu*  Iwnobillted 
In  reverse  g'^ar  due  t  lack  of  p.v,  r  to  slip  wheels.  Vehicle  traveled  In  forward  gear 
tliTougb  the  lane  and  reentered  test  lane  at  ?pp‘*llte  end.  iassrs  l4,  I’l,  and  If  were  enn* 
pleted  in  f'<ivard  gear.  Vehicle  became  innobilised  on  17tn  pass  in  forvar  l  gear 
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U».4.-rcarrtafe  tegu;  Jraggl'.g  at  start  of  4th  pass  In  reverse  gear.  Vehicle  continued  throug). 
test  lane,  beev.e  Imotilised  near  end  of  laj«  on  4‘.h  pass,  and  could  not  go  forwarl 

\’<  37  '<?  20.4  df.-J  a.l  <•{.(  75.0  tO.O  ‘9.2  ?.2  31  12.3  1.2  *0  11.0 


Vehicle  e-rplettd  ‘0  passes  wltr.  ease 


>  Wj_.A2  ,itod,.  6xC  Trues.  Test  tftight  it 
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—  Itedercarriage  v&s  dragging  19tri  pass.  Vehicle  was  dragging  entire  lane  hy  2t*th  pass. 

2.8  A  large  aoKMirt  of  mud  1*1  accumulated  on  tires  and  axles  hy  l*2d  pass.  Vehicle  becarae  iiwio- 

U.3  billzec  >r>n  iiCth  pass 

5.b 

8.U 

9.6 

••  Undercarriage  wag  draggir.g  on  2d  pass.  Vehicle  had  difficulty  making  3d  pass  and  became 
5.3  ifwiofciilxed  on  **th  pass 

12.1 


Vehicle  became  immobilized  on  1st  pass 


—  Undercarriage  was  dragging  on  ?3d  pass.  Vehicle  became  imiobllised  on  33d  pass 

3.1 

5.2 

?.»* 

9.6 

Itoderc^rriagf'  WiS  dragging  2^d  pass.  Vehicle  became  Imr.oHHs.-d  oi.  Ujst  pass 

2.6 
*4.1 
6.0 
8.0 


•>  tfeidercarrlage  b-jgan  draggint'  on  soil  buildup  between  ruts  on  10th  pass  and  was  dragging 
1.2  entire  test  .ane  by  :'5th  pass.  Vehicle  tecaac  Imny-^bilired  on  31st  pass 
8,6 


Vehicle  e  (Syltt'-d  ';0  passes  with  case 

1.? 

5.3 


Vehicle  became  lefRoLlHzed  on  1st  pass.  Undcrcarrlag'  was  dragghg 


••  Vehicle  began  dragging  'T.  8th  pass  ard  was  dragging  entlr«-  test  lar.r  l-y  I’^th  pass.  Mfricully 
1,9  increiaed  with  each  sub?i«qjet.t  pass.  R-.th  tracks  were  slipping  and  vehicle  became 
'j,u  iistoi- lilted  on  *>t  th  pass 

It.f- 

••  Vehicle  began  Iragi'lf-g  »»  10t‘.  p<ass  and  Was  havhig  difficulty  •  r.  1?t»:  jv^ts,  VehleJ-  was 
i.*4  .raggisg  ••ntJr'’  lane  by  Hlh  pass  and  brcamr  Imei-tlllsrd  ;in  2^1  h  pass 

11.‘- 
n.'i 


Vehicle  began  iragglt^g  *«th  pats  and  was  dragging  entire  laj*e  by  7tl.  pats.  h'>th  tracks 
3,i'  Were  slipping  and  Vehl«'J<  Ircasw  lem'-tUlSvd  .n  rth  past 

10.2 


Vef.lrle  begai.  IraggllV  «i  *4th  pass  Hr.l  was  dragglt.g  et.tlr* 
allpp'ef*  an  I  Vehicle  ir'a^  'b  11  ISe  1  r.  /»1  paSB 


by  *1*  l-asB. 


♦  han't  Wef. 


-•  Vehl  le  b.ga:.  traggirg  h  1  jasi  ae.l  was  irafglng  rf.t  !re  lane  ly  Mj  j-ass,  Wr  ••■le  lal 
■.  eE^rea-  ll^lejl^y  t  •**»  {-aif  a.  1  t e -ar e  Jre^  I  ! ]  l*e  I  e.  pass 

I".' 


Vehicle  vas  Jr»»v:ig  sliftt-y  r.  l“'tr.  s-ise,  but  i’ue:]lelel  %0  {aseas  wll?j  llt’lv  llfficul’.y 


1''.! 


»e';.-ie\»a  I’agg  ^  sllg’tly  f  't’  jats  aj.d  ly  i*”  fatS  was  iragg'ig  -fllre  »eat  !a:;v, 

?  Iff  lc»l*;.  1 1  r  -  as-  1  wl*..  t  ac*  SulSe  pj*  ».♦  {as&  aJ  J  >1  j-aSS  1  VrI  1  •  1e  le  afar  t-e  I  !  11  !e  1 


VeM ’le  rga*.  lragc.I.g  illg?t:y  Z-t.  •**  jabs  »  ft:l  lullljj  a*  t  l>  ■•••  }ass  Vr)  Icie  was  drag* 
gtlig  ef-trre  ;-.r.e,  VeJ-lfle  WVS  '3Vll.g  t  ee  ilfrl'-ui'y  aflrr  .S»*  |ec£,  ?.i  Ir  -Jil  d1rf.« 

>uity  stv*e«.  .u  ruta  wti  pass  ‘t  %i-.i  cu'.  iu’  tivee  or  rule  at  e«<«ral  i«a<e&  al  e^  lU'«  ajd 
teca-tfS  tarxbll!  .-e  :  i-ut  was  abi«  tw  eatri.ate  ivself  utvtar  ain  Veiilcie  .as  rte-.  uit  sd; 

e.earby  bJ^at  eas  of  'ilgiM^r  «' rengtr.  tv»  ie»a>ve  •aji  ai»-  rtswiitcrei  laj.e  f  r  jasS  out  u:  i 

fA/t  stay  ru*  S  aAt  tecame  ;9a>.Olll  s..;!,  Vwi.le.e  <■'  S-.^Itelrl  ti.  0«  :. ■■(!,>.  L  ■  1 1  St.  i  :.ltj;  y-ass 

*>  !:■  /  -  if!  ’  »g-  :  -  «ai  -'-g  t.  -•}.  |ass  ,  \  e’  1  •  a  •  t  •  •  t»  -  I’.  • : .  .  • ,  ■•.  •  j-5.is  ar.t  l-e* 

•a.‘«  l«r  0  Jirel  t '.  I  t’r  jaiS  i»-  fe.crze 
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Moisture  Content 
(1  Dry  Wt)  of  Layers 

Dry  Denelty  (^f) 
of  Layers,  in. 
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Ltarv  Vehicle*  (Continued) 

Lacked.  T?it  Wel.inl  22.600  lb  (Continued) 

1  ” 

17.9 

26.9 

Itl.l. 

82.1 

85.1* 

6V.9 

51.1* 

2.9 

28 

6.7 

1.3 

26 

U.f. 

30 

?o.u 
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66.1 

67.6 

75.0 
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99.0 

2.2 

31 

f'.5 

1.2 

30 
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lb 
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1*9.2 

8o.a 

68.9 

VI.  3 

1.9 

3 

2.3 

1.2 

6 

1.9 

17 

i*b.O 

92.2 

1*9.14 

1*6.8 

67.9 

60.2 

70.9 

2.' 

3 

2.9 

1.8 

5 

2.9 

i _ HSU  VeMelei _ 

1.  10x10  TVuck.  Ten  Weliht  18.030  lb 

Hit, 8 

62.8 

91.1* 

90.1 

61  .t, 

70.9 

71.0 

-- 

-- 

-- 

•- 

-- 

-- 

1  « 

31.? 

*<1*.3 

1*9.9 

1*9.1 

71*  .6 

70.2 

66.0 

l*.8 

20 

6.0 

0.0 

3^* 

2.2 
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71*. 9 
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31 

6.1* 
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30 

2.0 
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62.9 

52.8 
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42.3 
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77. S 

78.5 
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16 

2.' 

O.t 

10 

1.0 
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1*8.1 
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39.6 
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8h,9 

*3.7 
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1.0 
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TKS 


*Jndercatrlag»  began  dragging  cn  lUth  pats  and  wae  dragging  entire  lane  by  l6tK  past.  Vehicle 
hal  difficulty  backing  up  on  3^th  p^ss  and  becare  immobilized  on  UUth  past  in  reverie,  but 
traveled  forward  out  of  tesjt  lane  and  reentered  lane  at  oppoilte  end  in  forward  gear.  Ve* 
hide  beeue  l’«:blliied  on  *.9th  pass  in  forward,  and  considered  to  be  lunotilised  on  *.*«th 
paec 

Vehicle  completed  '0  pa.e<.'e  with  eaie 


Vehicle  becane  IwnoblHzed  on  l^t  paes.  It  appeared  that  had  the  eoil  teen  nf  illghtly  higher 
•trefuth.  vehicle  Right  have  tron  able  tn  rr^plrte  1  past 

Vahlule  bteame  isnobilized  on  lit  pan.  Velilcle'i  maxtmun  ipeed  Juet  before  i;4Doblliiat'on 
oecurtea  wae  2.66  aph 


Vehicle  IsiMdiatelT  beeriM  Imobllized  on  1st  paii.  Undercarriage  wai  not  dragging.  Vc« 
htcl«*i  y«M,  pltdi,  and  inching  actloni  wir*  trial,  but  vehicle  could  not  extricate  Itielf 

Undercarriage  began  d^apgln*-.  'f-  Z^'th  pan.  V.*hicle  extreme  dlffl.'uUy  crtnpletlng  ?9th 
pan  and  becaae  isc  jb'llitd  or  31.^  pais.  Vanldi'i  yaw,  pitch,  and  Incning  actloni  were 
tried,  but  vehicle  r oujd  not  extricate  Iticlf 


Vehlclf'i  difficulty  Increai^d  wit):  each  lutiequent  pen.  Dndercarrlag'*  wae  dragging  entire 
twit  lane  or.  J*th  pai.a.  Vehicle  bei-ane  leribllltel  on  ‘•Ot)i  pan.  Vehicle's  j-aw,  pitch, 
and  Itchlvg  actloni  were  trl'-d.  but  vrhlclr  eoulj  r.-t  cxirlce'e  Itielf 

Vehicle  becas..-  litr oblUxed  M  i>aii  in  f  rwarj  gear.  Ut-dercarrlaf*  ***  dragging. 
Vehicle*!  yaw,  pitch.  ii4  Inching  actloni  were  tried,  but  vdilcle  could  not  eetrlcate  ttielf 

Velilcle  berer  dregglhg  on  pen  aal  wai  dragging  entire  Ivte  on  lOvh  peii.  Wheel  illp  oc¬ 
curred  on  l.’uu  peii.  VeUiele  had  difficulty  on  l^th  peie  end  eetra&e  difficulty  (high  allp) 
on  .'601  peii.  but  eei  eble  to  conpleu  29th  peii  at  O.IU  nph.  Vehicle  conildcred  to  be  la- 
tioblilied  on  pan 

Vehicle  becen  dragging  on  *>th  pe^e,  had  icne  difficulty  cefg>letlAg  13th  paii,  and  hed  tetreee 
difficulty  (high  clip)  on  I6th  pen.  U  becaiae  Isroblllted  on  20tA  pen.  Vehiele'i  yew, 
pitch,  end  inching  ectloni  were  tried,  but  vehicle  could  not  eetrlcete  Itielf.  Vehicle 
conildered  to  be  Inaoblllxed  un  16th  pan 

dreduei  rutting  occurred  wtth  oach  paii  until  undercarriage  wei  dragging  entire  le:.e  on  fCtb 
peii.  Vehicle  had  extrene  difficulty  (i.igh  illp)  after  39th  peii.  A  large  apount  of  aud 
had  accumulated  on  the  tirei  by  3yth  peii.  Teel  wei  halted  after  **7th  pai»  to  cool  tor^d# 
converter.  Vehicle  managed  to  conpiete  ^ith  pan  at  0.19  mph.  iorward  prograii  eobplately 
itoppad  on  97tb  pan.  Taw  and  pltdi  actieni  were  tried,  and  after  about  19  ala  vehiela  wai 
^Ic  to  extricate  itself  fren  teit  lane.  V^icle  coneidered  to  be  iMaoblliied  on  **7t)i  pan 

Vahiele  repeeted  procaiure  of  that  of  teit  and  wai  conildered  to  be  iseaoblltied  on  lit 
pair 

Aten  covered  with  ab^ut  f  in.  of  loft  ilu#i  atop  loil  of  much  bigntr  strength.  Vehicle 
eaiiiy  completed  90  paiiei 


Veh.icle  teekAg  i>to  loft  arte  untU  it  btetne  Ijstobiltitd  but  was  able  to  extrlcetc  itielf 
in  forward  using  pitch  and  yaw  action.  Vehicle  conildered  to  be  iamotlliied  on  lit  paii 

Vehicle  wei  bac>'.ed  Into  icft  area  to  allow  ratrteval  -Ith  wUen  ton  fr^nt  of  vehicle}.  Veniele 
becaM  Imovillaed  but  «aa  able  to  eatriote  itielf  in  foreard  uilcg  pitch  and  yaw  action  of 
'^rdreulic  lyitee.  Thli  procedure  wai  repeated  threw  time*  and  taa.  tijs«  venlela  wai  abla  to 
eetrlcate  itself  in  forward.  Vaniele  eonillerea  to  be  tamoaillred  on  lit  paii 

Vehicle  ea^^le^ed  '•(/  pasoai  elth  aaie 


Mud  began  to  accumulate  tm  ttree  &t.  ..>1  peii,  ans  a  large  asanint  nai  accupeuleted  by  3let  pan. 
undercarriage  eae  draggis^  (iv  pan,  but  v«H;cle  .-tmple^ed  •.»  fessea 


Vehicle  eeteref  teit  lane  and  ai  tiret  bw.art  c/verei  •tin  aud.  it  s;uv«d  and  swan  te- 

came  urw^billied  ve  first  peii).  *ln)«r  ‘arrl^«  Ui  dr^ 

Vehtclw  eLiered  test  lane  msd  ai  tlrve  te.'a'M  rcv«rw4  with  oaf,  vtw.icle  &;<.-.«£  dc^wn  and 
bwirilM  tin,  blllted  un  flrit  pare..  lX.>.rvarr*v«  iXf  m^t  irag 


(f  at  Ibued) 


•  f  ■■ 


Shear  f-raiih* 

Vane  Hidittr 


G1 


T^ble  2  (Concluded 


7 

6e.c 

58.1. 

i*1..6 

1*2.1 

65.0 

V6.U 

76.1 

1.0 

U 

2.2 

1.8 

8 

1.8 

7.5 

V«».iic3c  l:ecaiw  immobilizfil  -?n  2(1  pass:  und'T.'jrriV''  waa  drapiJiiriR.  V>-lil  clf.' '  s  yaw,  pitrh.  and 
incliicg  artions  vere-  trici,  tul  the  veMcl'  '•  •nid  ’xtrical*"  ituilf 

8 

50.7 

U  .7 

1.0.9 

38.1* 

76.1 

79.0 

63.1. 

1..8 

1 

1..8 

1.7 

10 

2,3 

ll.R 

11.9 

V^lcla  began  dragging  on  i  d  pass  and  .as  da'ag,g*.f4'.  entire  lane  on  3d  pass.  It  became  imrnobilized 
on  5th  pass 

15 

Uf  .li 

ItO.l 

33.2 

33.1 

80.2 

87.2 

61*. 6 

3.7 

1 

3.8 

1.2 

3.5 

3.7 

12.C 

Vehicle  began  dragging  un  7th  pass  and  was  dragging  entire  lane  Dy  luth  pass.  It  had  difficulty 
completing  20th  pass  and  becar.e  inmobilized  on  .-tin  pass,  Vehicle's  yaw,  pitch,  and  Inching 
actioBS  were  tried,  but  the  vertlcle  could  not  extricate  Itself 

12 

35.8 

33.9 

3l‘.7 

31* -6 

86.0 

85.9 

81*.] 

8.0 

2 

8.1 

0.0 

1.2 

2.1. 

3.2 

9.2 

Vehicle  began  drag^-.lng  on  bth  pass  and  had  extrerie  :iifficui‘y  '.high  slipj  fror,  I6th  pass  to  22d 
pass  in  which  irai^billzatl'^n  'cc'.rr'>d.  V«>,i  •!'  'e  :nch5rir  wiS  tried,  but  the  vehicle 

c?uld  rot  *-xtrlcate  itself 

20 

38«9 

33.8 

■  35.5 

35.0 

eu.i* 

6U.2 

83.2 

5,1. 

0 

%1* 

0.^ 

3« 

2.1* 

1,1* 

10.3 

Vehicle  began  dragging  on  lith  pass.  :.ad  sore  difficulty  of.  pac--,  had  extreme  d'fficulty 

on  ;3l  P^ss,  and  bMcame  I-«abiJlzeJ  1;  hit’  f-'ts-,  ;i.ci,Si.g  t.-*'.  vxs  trleil,  but  tl.o  vci.-lcl** 

could  rot  extricate  itself 
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10.0 

28.3 

1*6.6 

76.2 

76.3 

67.2 

52.1* 

2.7 

28 

1*.] 

1.0 

28 

2,1- 

3.7 

2.'':' 

€  ^( 

lindcrcarriage  -.as  draggin*'  on  mud  buildup  tie-..eefi  r'-t.*!  on  j5tn  past.  Vehicle  comple'ed  tO 
passes  -wlthcut  diificulvy 

20 

21. *» 

28.1 

35.8 

60.9 

86.1* 

79.9 

62.0 

3,8 

,*1* 

5.0 

0,® 

28 

2.2 

7,0 

1.- 

l‘.8 

Undercarriage  -as  dragging  on  muJ  fcuiliuj  f  st.eeti  ruts  or.  Uti.  pass.  Vei.icle  completed  b-  passes 
.Itn  io“.e  difficulty  •. trac»;  slip. 
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n.8 
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51.8 

73.2 

67,1* 

66.2 

1,6 
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l.P 

1.2 

Q 

1.5 

19.0 

Urdercarriagf  began  dragging  heavily  n  •  t>  ftss,  V.'hicl  ixea-.c  !--m ’h  13  Ur  d  'd  'th  pass.  V- • 
hide's  yaw,  pitch,  and  inching  action  were  tried,  tut  the  vehicle  cnuld  not  extricate  itself 
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71,1 

63,9 
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1,1* 

1.0 
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1.3 

10.8 

'/♦hide  became  issrcMiized  on  /-d  pass  goln^-  for-an.  Vehlde’s  ya.',  pl-ch.  and  inching  actions 
were  tried,  but  t.he  vanlcle  couit  not  extricatu  Itself 
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Vehicle  was  iraj^ging  entire  tcsi  laf.r  hy  ’t*.  psEl,  ’  Ir,  ‘envel  with  eaeV 

!«♦'  pass  •jftir  J?th  pass.  j  ‘0  j-ise-’s  win  Jij'f 
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U.  S.  Army  Engineer  Waterways  Experiment  Station 
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MOBILITY  EXERCISE  A  (MEXA)  FIELD  TEST  IBOGRAM;  Report  2,  lERFOTMAMCE  OF  MEXA  AND  THREE 
MILITARY  VEHICLES  IN  SOFT  SOIL,  Volume  I 
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U.  S.  An^  Mtteriel  Coouand 
Washington,  D.  C. 


In  the  concept  phase  of  Mobility  Exercise  A  (MEXA)  the  principal  purpose  was  to  design 
vehicles  capable  of  operating  in  remote  areas  of  the  world  where  extremely  soft  soils 
predominate,  and  to  develop  a  program  of  tests  for  evaluatii^  these  vehicles  in  soft 
soils.  As  a  result  of  the  MEXA  concept  phase,  two  2-l/2-ton  Trtieeled  and  one  2-l/2-ton 
tracked  vehicles  were  designed.  .The  designs  of  the  vehicle  characteristics  were  in 
part  derived  from  three  existing \systema  that  provide  for  predictii*  vehicle  perform¬ 
ance  relative  to  soil  strength.  These  systems  were  the  U.  S.  Aimy  Engineer  Waterways 
Experiment  Station  (WES)  soil  trafflcability  system,  the  WES  nobility  numeric  system, 
and  the  Land  Locomotion  Laboratory  soil  value  system.  After  the  MEXA  vehicles  wre 
fabricated,  a  field  test  program  was  designed  and  conducted.  A  total  of  328  tests 
were  conducted  on  level  clay  soils,  at  two  sites  near  Vicksburg,  Mls». ,  and  at  si^t 
sites  near  Fallon,  Nev.  The  purpose  of  the  test  progrsm  was  to  evaluate  the  perform¬ 
ance  of  the  three  MEXA  vehicles  (KE3CA  10x10,  MEXA  8x8,  and  MEXA  track)  and  thr'Ae  sdli- 
tary  vehicles  (XM410E1,  M35A2  (mod),  and  M113)  on  a  range  of  soil  strengths#'  Fvpr^r 
purposes  of  this  study  were  to  compere  the  performances  of  the  three  MEXA  vehicles  with 
those  of  the  three  military  vehicles  arkl  to  compare  the  measured  and  the  predicted  per¬ 
formances  of  the  vehicles*  using  the  three  prediction  systems  from  which  the  MEXA  vehi¬ 
cles  were  designed.  The  measured  and  predicted  performance  comparisons  are  presented 
ir.  Appendixes  A,  B,  and  C,  Volume  II.  Test  results  indicate  that  the  MEXA  vehicles 
do  what  tliey  were  designed  to  do,  l.e.  perform  better  on  soft  soils  than  military 
vehicles.  However,  on  firm  soil  and  on  pavement,  performance  is  not  as  good  as  that 
of  tl.e  military  vehicles.  The  MS3CA  vehicles  were  superior  to  the  military  vehicles 
In  term '  of  soil  strength  require!  for  one  pass  and  50  passes  (VCI1*  and  VCIcq). 
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